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(57) To provide a bi>aspherical type progressive- 
power lens which provides an excellent visual acuity 
correction for prescription values and a wide effective 
visual field with less distortion in wearing, by reducing a 
magnification difference of an image between a dis- 
tance portion and a near portion. The lens. is character- 
ized in that when on a first refractive surface being an 
object side sur^ce, a surfece refractive power in a hor- 
izontal direction and a surface refractive power in a ver- 
tical direction, at a far vision diopter measurement po- 
sition F1 , are DHf and DVf respectively, and on the first 
refractive surface, a surface refractive power in a hori- 
zontal direction and a surface refractive power in a ver- 
tical direction, at a near vision diopter measurement po- 
sition N1. are DHn and DVn respectively, relational 
equations. 

DHf + DHn < Dvf + DVn. and DHn < DVn 

are satisfied, and surface astigmatism components at 
Fl and N1 of the first refractive surface are cancelled 
by the second refractive surface being an eyeball side 
surface so that the first and second refractive surfaces 
together provide a far vision diopter (Df) and an addition 
diopter (ADD) based on prescription values. 
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Description 

Technical Field" 

[0001 ] The present invention relates to a bi-aspherical 
type progressive-power lens, which Is a lens used as, 
for example, a progressive-power lens for a spectacle 
for presbyopia that is configured to have a progressive 
refractive power action dividedly allotted to a first refrac- 
tive surface being an object side surface and a second 
refractive surface being an eyeball side surface, so that 
the first surface and the second surface together provide 
a far vision diopter (Df) and an addition diopter (ADD) 
based on prescription values. 

Background Art 

[0002] A progressive-power lens is widely used in 
general because of an advantage that it is hardly detect- 
ed from others as a spectacle for the aged in spite of a 
spectacle lens for presbyopia, an advantage that it al- 
lows a wearer to clearly look continuously from a far dis- 
tance to a near distance without discontinuity, and so 
on. However, it Is also widely known that the necessity 
of arrangement of a plurality of visual fields such as a 
field for looking far and a field for looking near, and fur- 
ther a field for looking at a distance intermediate there- 
between, without a boundary line existing within a limit- 
ed lens area, presents disadvantages specific to the 
progressive-power lens such that each visual field is not 
always sufficiently wide, and that there is a region mainly 
in a side visual field which causes the wearer to feel dis- 
tortion or sway of an image. 

[0003] Various proposals have been made since long 
ago to improve the disadvantages specific to the pro- 
gressive-power tens, and most of such conventional 
progressive-power lenses have a surface configuration 
created by a combination of a "progressive surface" ar- 
ranged on an object side surface and a "spherical sur- 
face" or a "cylindrical surface" arranged on an eyeball 
side surface. Conversely to those, Atoral Variplas as a 
progressive-power lens, which is characterized in that 
a "progressive action" is added to the eyeball side sur- 
face, is released in 1970 from Essel Optical Co. (now 
Esstlor), France. 

[0004] Besides, recently proposed prior arts include, 
for example, technologies described in Patent Intema- 
tional Publication Nos. WO 97/19382 and WO 97/19383 
and so on, which are generally called rear surface pro- 
gression (or concave surface progression). The surface 
configuration in the recently proposed rear surface pro- 
gression has a main purpose of improving distortion and 
sway of an image by allotting a portion or the whole of 
a necessary addition diopter from an object side surface 
to an eyeball side surface to reduce the magnification 
difference of an image between a distance portion and 
a near portion. 

[0005] Among these prior arts, one described in WO 



97/19382 has a configuration in which the object side 
surface is made a spherical surface or a rotationally 
symmetrical aspherical surface to completely cancel the 
"progressive action." and a "progressive surface" pro- 

5 viding a predetermined addition diopter is added (fused) 
to only the eyeball side surface. Besides, the prior art 
described In WO 97/19383 has a configuration in which 
the addition diopter on the "progressive surface" being 
the object side surface is made lower than a predeter- 

10 mined value and a "progressive surface" providing a de- 
ficiency in addition diopter is added (fused) to a "spher- 
ical surface" or " cylindrical surface" on the rear surface 
side. 

[0006] Although having different purposes and rea- 
is sons, other prior arts of the progressive-power lens hav- 
ing description of technologies of adding the "progres- 
sive action" to the eyeball side surface, include, for ex- 
ample, ones described in Japanese Patent Publication 
No. Sho 47-23943, Japanese Patent Laid-Open No. 
20 Sho 57-10112, Japanese Patent Laid-Open No. Hei 
10-206805, and Japanese Patent Laid-Open No. 
2000-21 846. In addition, prior arts in which the "progres- 
sive action" is provided to both surfaces of a lens, as in 
one described in the aforementioned WO 97/19383, in- 
25 elude ones described in Japanese Patent Laid-Open 
No. 2000-338452 and Japanese Patent Laid-Open No. 
Hei 6-118353. Commonly, in these prior arts, front and 
rear two surfaces together provide a necessary addition 
diopter. 

30 [0007] These prior arts have a main purpose of im- 
proving distortion and sway of an image by allotting a 
portion or the whole of a necessary addition diopter on 
an object side surface to an eyeball side surface to re- 
duce magnification difference between a distance por- 

35 tion and a near portion. Clear description, however, on 
reasons of their improved effects can be rarely found, 
and only partial description thereof is found just in the 
aforementioned Patent International Publication No. 
WO 97/19383 (hereinafter. Prior art 1 ) or the like. Name- 

40 ly, Prior art 1 discloses the following calculation equa- 
tions for a lens magnification SM shown in the equation 
(1 ) to the equation (3), the lens magnification SM is used 
as a basic evaluation parameter for lens design. 
[0008] Namely, Prior art 1 includes the following de- 

45 scription. 

[0009] "The lens magnification SM is generally ex- 
pressed by the following equation. 

^ SM = MpxMs (1). 

where Mp is called a power factor, and Ms is called a 
shape factor. When the distance from a vertex of an eye- 
ball side surface (inside vertex) of a lens to an eyeball 
55 is an inter-vertex distance L, a refractive power at the 
inside vertex (inside vertex refractive power) is Po, a 
thickness at the center of the lens is t, a refractive index 
of the lens is n, and a base curve (refractive power) of 
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the object side surface of the lens is Pb, Mp and Ms are 
expressed as follows. 

Mp = 1/(1 - L X Po) (2) 

Ms = 1/(1 - (t X Pbyn) (3) 

It should be noted that for calculations of the equation 
(2) and the equation (3), dioptry (D) is used for the inside 
vertex refractive power Po and the base curve Pb, and 
meter (m) is used for the distance L and thickness t, re- 
spectively." 

[0010] Then, these calculation equations for the lens 
magnification SM are used to calculate a difference in 
magnification between a distance portion and a near 
portion. In Prior art 1, it is regarded that the distortion 
and sway of an image are improved because of a small 
magnification difference. 

[0011] The study by the inventor of the invention 
shows that though some effects are recognized in the 
above-described Prior art 1 as compared to its prior art, 
the following points need to be discussed to design a 
lens with higher performance. 

a. Basic evaluation parameters used in the above- 
described Prior art 1 include a parameter which 
should be essentially applied only to a portion near 
the center of a lens as is clear from the description 
of "the distance L from a vertex of an eyeball side 
surface of a lens to an eyeball" and "a thickness t 
at the center of the lens." More specifically, in an 
example of Prior art 1 , the basic evaluation param- 
eter to be applied only to a distance portion near the 
center of the lens, is applied also to a near portion 
positioned at a great distance below the lens center, 
thus presenting a possibility of error. 

b. In Prior art 1 , the lens magnification SM is calcu- 
lated using five basic evaluation parameters, com- 
posed of the aforementioned ones with addition of 
the "refractive index of the lens n." However, as is 
instantly found when tilting forward and backward a 
lens having an actual diopter, it is considered that 
the size of an image is strongly influenced by an 
"angle between a sight line and a lens surface." This 
leads to a consideration that the "angle between a 
sight line and a lens surface" is nonnegligible par- 
ticularly in calculation of the magnification of the 
near portion positioned at a great distance below 
the lens center. Accordingly, the lens design of Prior 
art 1 has a possibility of error caused by the "calcu- 
lation of the lens magnification without considera- 
tion of the angle between a sight line and a lens sur- 
face." 

c. Prior art 1 only describes the "magnification" for 
an application example to a cylindrical lens but 
lacks idea on direction thereof, which causes a pos- 



sibility of error when "magnifications in the vertical 
direction and the horizontal direction are different" 
which occurs, for example, in the near portion posi- 
tioned at a great distance below the lens center 
5 d. To accurately calculate the magnification for the 
near portion, the distance to a visual target, that is, 
an "object distance" should be added as a calcula- 
tion factor. In Prior art 1 , the "object distance" is not 
taken into consideration, which presents an unde- 
10 niable possibility of error. 

e. In the magnification calculations, the influence by 
a prism action is not taken into consideration, which 
may cause an error. 

15 [0012] As described above, the prior art may not be 
always sufficient from a viewpoint, in particular, of more 
accurately calculating the "magnification." 
[0013] The present invention is made to solve the 
above problems, and its object is to provide a bi-aspher- 

20 jcal type progressive-power lens which provides an ex- 
cellent visual acuity correction for prescription values 
and a wide effective visual field with less distortion in 
wearing, by reducing a magnification difference of an 
image between a distance portion and a near portion 

25 through correct calculation of the magnification of the 
image with an influence by an "angle between a sight 
line and a lens surface" and an "object distance" taken 
into consideration. 

[0014] It is another object of the present invention to 
30 provide a bi-aspherical type progressive-power lens 
which makes it possible to use a "bilaterally symmetrical 
semifinished product" as an object side surface and 
process after acceptance of an order only an eyeball 
side surface into a bilaterally asymmetrical curved sur- 
35 face coping with a convergence action of an eye in near 
vision, and to reduce processing time and cost. 

Disclosure of the Invention 

40 [0015] As means to solve the at>ove-d escribed prob- 
lems, in a first means, 

in a bi-aspherical type progressive-power lens 
with a progressive refractive power action dividedly al- 
lotted to a first refractive surface being an object side 

45 surface and a second refractive surface being an eye- 
ball side surface, 

when on the first refractive surface, a surface re- 
fractive power in a horizontal direction and a surface re- 
fractive power in a vertical direction, at a far vision di- 

50 opter measurement position F1 , are DHf and DVf re- 
spectively, and 

on the first refractive surface, a surface refractive 
power in a horizontal direction and a surface refractive 
power in a vertical direction, at a near vision diopter 

55 measurement position N1, are DHn and DVn respec- 
tively, relational equations, 
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DHf + DHn < Dvf + DVn, and DHn < DVn 

are satisfied, and surface astigmatism components at 
F1 and N1 of the first refractive surface are cancelled 
by the second refractive surface so that the first and sec- 
ond refractive surfaces together provide a far vision di- 
opter (Df) and an addition diopter (ADD) based on pre- 
scription values. 
[0016] In a second means, 

in the bi-aspherical type progressive-power lens 
according to the first means, relational equations DVn • 
DVf > ADD/2, and DHn - DHf < ADD/2 are satisfied. 
[0017] In a third means, 

in the bi-aspherical type progressive-power lens 
according to the first or second means, the first refrac- 
tive surface is bilaterally symmetrical with respect to one 
meridian passing through the far vision diopter meas- 
urement position F1 , the second refractive surface is bi- 
laterally symmetrical with respect to one meridian pass- 
ing through a far vision diopter measurement position 
F2 of the second refractive surfece, and a position of a 
near vision diopter measurement position N2 on the 
second refractive surface is shifted inward to a nose by 
a predetermined distance to respond to a convergence 
action of an eye in near vision. 
[0018] In a fourth means, 

in the bi-aspherical type progressive-power lens 
according to any one of the first to the third means, the 
first refractive surface is a rotation surface with as a gen- 
eratrix one meridian passing through the ^r vision di- 
opter measurement position F1. the second refractive 
surface is bilaterally symmetrical with respect to one 
meridian passing through a far vision diopter measure- 
ment position F2 on the second refractive surface, and 
a position of a near vision diopter measurement position 
N2 on the second refractive surface is shifted inward to 
a nose by a predetermined distance to respond to a con- 
vergence action of an eye in near vision. 
[0019] In a fifth means, 

in the bi-aspherical type progressive-power lens 
according to any one of the first to the fourth means, in 
a configuration of the first and second refractive surfac- 
es together providing the far vision diopter (Df) and the 
addition diopter (ADD) based on the prescription values, 
occurrence of astigmatism and change in diopter 
caused by impossibility of a sight line intersecting with 
at right angles with a lens surface in a wearing state are 
reduced. 

[0020] The above-described means are devised 
based on the following results of clarification. Hereinaf- 
ter, description will be made with reference to the draw- 
ings. Fig. 1 is an explanatory view of various surface 
refractive powers at positions on a spectacle lens sur- 
face. Fig. 2 is an explanatory view of a positional relation 
among an eyeball, sight lines, and a lens. Fig. 3-1. Fig. 
3-2, and Fig. 3-3 and Fig. 4-1 . Fig. 4-2. and Fig. 4-3 are 
explanatory views on a magnification M yof a prism, be- 



ing explanatory views on a difference between a plus 
lens and a minus lens and on a difference in magnifica- 
tion in viewing mainly using a near portion which is a 
lower portion of a lens, Fig. 5-1 is an explanatory view 

5 of an optical layout of progressive-power lens, being a 
front view of the progressive power lens when viewed 
from an object side surface. Fig. 5-2 is an explanatory 
view of the optical layout of the progressive-power lens, 
being a side view illustrating a cross section in the ver- 

10 tical direction, Fig. 5-3 is an explanatory view of the op- 
tical layout of the progressive-power lens, being an el- 
evational view illustrating a cross section in the trans- 
verse direction, and Fig. 6 is an explanatory view illus- 
trating the difference of definition on "addition diopter." 

15 Note that in these drawings, symbol F denotes a far vi- 
sion diopter measurement position, symbol N denotes 
a near vision diopter measurement position, and symbol 
Q denotes a prism diopter measurement position. In ad- 
dition, other symbols shown in Fig. 1 and so on denote, 

20 DVf: surface refractive power at F of a sectional 

curved line in the vertical direction passing through F, 

DVn: surface refractive power at N of a sectional 
curved line in the vertical direction passing through N, 
DHf: surface refiractive power at F of a sectional 

25 curved line in the horizontal direction passing through 
F, and 

DHn: surface refractive power at N of a sectional 
curved line in the horizontal direction passing through 
N. Further, sufFix 1 is added to ah of the symbols when 
30 the refractive surface of a drawing is a first refractive 
surface being the object side surfece. and suffix 2 is add- 
ed to all of the symbols when the surface is a second 
refractive surface being the eyeball side surface for rec- 
ognition. 

35 [0021] Besides, symbols F1 and F2 denote far vision 
diopter measurement positions on the object side sur- 
face and the eyeball side surface, and similariy symbols 
N1 and N2 denote near vision diopter measurement po- 
sitions on the object side surface and the eyeball side 

40 surface. Further, symbol E is an eyeball, symbol C a 
center of rotation of the eyeball, symbol S a reference 
surface around C, symbols Lf and Ln sight lines passing 
through the far vision diopter measurement position and 
near vision diopter measurement position respectively. 

45 Besides, symt>ol M is a curved line called a main gazing 
line through which a sight line passes when one looks 
with both eyes from an upper front to a lower front por- 
tion. Then, symbols F1, N1. F2, N2. and N3 indicate po- 
sitions, to which an opening of a lens meter is placed, 

50 differing depending on the definition of the "addition di- 
opter." 

[0022] First, a calculation equation of a magnification 
corresponding to the near vision improved by "corre- 
sponding parameters to the near portion" which is the 
55 problem (a) of the above-described prior art and "con- 
sidering the object distance" which is the problem (d). 
was designed to be obtained as follows. Namely, when 
Mp is a power factor and Ms is a shape factor, a mag- 
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nification SM of an image is expressed by 

SM = MpxMs (V). 

Here, when the objective power (inverse number of the 
object distance expressed in a unit of m) to a visual tar- 
get is Px, the distance from the eyeball side surface in 
the near portion of the lens to the eyeball is L, the re- 
fractive power in the near portion (inside vertex refrac- 
tive power in the near portion) Is Po, the thickness in the 
near portion of the lens is t, the refractive index of the 
lens is n, and the base curve (refractive power) of the 
object side surface in the near portion of the lens is Pb, 
the following relation is established. 

Mp = (1 - (L + 1) Px)/(1 - L X Po) (2*) 



Ms = 1/(1 - 1 X (Px + Pb)/n) (3') 

[0023] These equations, in which the parameters are 
made to correspond to the distance portion, and 0 cor- 
responding to infinity is substituted for Px indicating 
power of the object distance, match the equations of the 
above-described Prior art 1 . In other words, the equa- 
tions used in Prior art 1 can be considered to be equa- 
tions dedicated for the far vision having an infinitive ob- 
ject distance. By the way. although the equation (1 ') here 
is identical to the equation of the above-described Pnor 
art 1 , the object distance in near vision Is generally about 
0.3 m to about 0.4 m, and thus Px which is the inverse 
number thereof becomes a value from about - 2.5 to 
about - 3.0. Accordingly, Mp increases in the equation 
(2*) because the numerator increases, and Ms decreas- 
es In the equation (3') because the denominator increas- 
es. This shows that the influence by the shape factor Ms 
in the near vision is less than that by the calculations of 
Prior art 1 . For example, when Pb = -Px, that is. the base 
curve (refractive power) of the surface on the object side 
of a lens has a value ranging from about +2.5 to about 
+3.0, Ms = 1. which shows that the shape factor in the 
near vision is completely irrelevant to the magnification 
of an image. 

[0024] Although, in the above-described manner, the 
calculation equations for magnification with the param- 
eters corresponding to the near portion and the "object 
distance" taken into consideration have been obtained, 
the "angle between a sight line and a lens surface" which 
is the problem (b) of the above-described Prior art 1 also 
needs to be taken into consideration to calculate a mag- 
nification in actual near vision. What is an important here 
is that the "angle between a sight line and a lens surface" 
has a directional property. In other words, taking the "an- 
gle between a sight line and a lens surface" into consid- 
eration is nothing but concurrently taking into consider- 
ation the directional property of the "magnification of an 



image" which is the problem (c) of the above-described 
Prior art 1 . 

[0025] Reviewing the first calculation equation of the 
above-described equations (V) to (3') in this viewpoint, 

5 it has as calculation factors influenced by the "angle be- 
tween a sight line and a lens surface." the inside vertex 
refractive power Po in the near portion and the base 
curve (refractive power) Pb of the object side surface in 
the near portion. Here, when well-known Martin's ap- 

10 proximate equations are used, with the angle formed be- 
tween the sight line in near vision and the optical axis 
of the region in the near portion being a and the angle 
formed between the sight line in the near vision and the 
normal line on the object side surface in the near portion 

15 being p. 

the inside vertex refractive power in the vertical direction 
In the near portion: 

2Q Pov = Po X (1 + Sln2 a x 4/3). 

the inside vertex refractive power In the horizontal direc- 
tion in the near portion: 

Poh = Po X (1 + Sin2 a x 1/3). 

the vertical section refractive power on the object side 
surface in the near portion: 

30 

Pbv = Pb x (1 + Sin2p x 4/3). 

and 

35 the transverse section refractive power on the object 
side surface in the near portion: 

Pbh = Pb X (1 + Sin2 p x 1/3). 

40 

As long as the angles a and p and Po and Pb are not 
zero, the refractive powers, power factors, and shape 
factors have different values between the vertical and 
horizontal directions as described above, resulting in a 

45 difference in magnification occurring between the verti- 
cal direction and the horizontal direction. 
[0026] By the way, while the approximate equations 
are used here to explain simply a fact that "the refractive 
power varies depending on the direction of the sight 

50 line," these values are desirably obtained by accurate 
ray tracing calculation in the actual optical design. In a 
nonattributive example of the method of calculating 
these, for example, an optical path along the sight line 
is calculated using Snell's law to calculate L, t, and the 

55 distance from the object side refractive surface to an ob- 
ject point, and then, along this optical path, the first fun- 
damental form, the second fundamental form, Weingar- 
ten formula, or the like in differential geometry can be 
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used to calculate the refractive power with the influence 
of refraction on the optical path on the object side re- 
fractive surface and the eyeball side refractive surface 
taken into consideration. These equations and fomriula 
and calculating methods are known from long ago and 
described in a known literature "Differential Geometry" 
(written by Kentaro Yano. published by Asakura Shoten 
Kabusikikaisya, the first edition. 1949) and so on. and 
thus the description thereof is omitted. 
[0027] By the way, by performing such accurate ray 
tracing calculations, four calculation factors L, Po, t, and 
Pb which are the above-described problems (a) to (d) 
are taken into consideration, and accurate magnification 
calculations can be possible in all of sight line directions 
as well as in the near portion located at a great distance 
betow the lens center. In such a manner, the above-de> 
scribed items, 

the inside vertex refractive power in the vertical 
direction in the near portion: Pov, 

the inside vertex refractive power in the horizontal 
direction in the near portion: Poh. 

the vertical section refractive power on the object 
side surface in the near portion: Pbv, and 

the transverse section refractive power on the ob- 
ject side surface in the near portion: Pbh. 
can be obtained at an accuracy higher than that in a 
case using Martin's approximate equations. 
[0028] It will be easily understood that all of the above- 
described magnification calculations of an image have 
to correspond to the difference in the direction of the 
sight line from the fact that the "the refractive power var- 
ies in accordance with the direction of the sight line," as 
described above. Here, when Mp is the power factor and 
Ms is the shape factor, and suffix v is added for the ver- 
tical direction and suffix h is added for the horizontal di- 
rection to express the magnification SM of an image, the 
above-described equations (V) to (3') are rewritten as 
follows: 

SMv = Mpv X Msv (1v') 



SMh = MphxMsh (Ih*) 



Mpv = (1 - (L + 1) Px)/(1 - L X Pov) {2v') 



Mph = (1 - (L + 1) Px)/(1 - L X Poh) (2h) 



Msv = 1/(1 - 1 X (Px + Pbv)/n) {3v') 



Msh = 1/(1 - 1 X (Px + Pbh)/n) (3h'). 
[0029] The above way could cope with the above-de- 



10 

scribed problems (a) to (d) of Prior art 1 . At last, the "in- 
fluence by the prism action" which is the above-de- 
scribed problem (e) in calculating the magnification in 
the actual near vision will be described. While a prism 

5 itself has no refractive power unlike a lens, the magnifi- 
cation M Y of the prism varies depending on the incident 
angle and exit angle of rays to/from the prism. Here, an 
angle magnification ywhen a ray incident from a vacuum 
to a medium with a refractive index n, as shown on the 

10 left side in Fig. 3-1 and Fig. 4-1 , is refracted on the sur- 
face of the medium is considered. When the incident an- 
gle is i and the refractive angle is r in this event, n = Sin 
i/Sin r by well-known Snell's law. Besides, the angle 
magnification y by refraction is expressed by y = Cos i/ 

15 Cos r. Since n ^ 1, generally i ^ r and y ^ 1- Here, y 
becomes a maximum value 1 when i = r = 0. that is, in 
the case of a normal incidence. When the refiractlve an- 
gle r is as n = 1/Sin r, y becomes a theoretical minimum 
value, Y = 0. At this time, i = 7c/2, and thus r is equal to 

20 a critical angle of total reflection when a ray exits from 
the medium. 

[0030] On the other hand, an angle magnification y 
when a ray exits from a medium with a refractive index 
of n to a vacuum, as shown on the right side in Fig. 3-1 

25 and Fig. 4-1 . becomes completely reverse to the above. 
More specifically, when the incident angle of a ray, which 
is refracted on a medium surface and exits from within 
the medium to a vacuum, is i' and the refractive angle 
is r", 1/n = Sin iVSIn r* by Snell's law, and the angle mag- 

30 nification is expressed by y = Cos iVCos r*. Since n ^ 1 , 
generally r* ^ I' and y ^ 1 . Here, y becomes a maximum 
value 1 when I' = r* = 0, that is, in the case of a normal 
incidence. When the incident angle i* is as n = 1/Sin i*. 
y becomes a theorefical maximum value, y = «». At this 

35 time, r* = k/2, and thus I' is equal to a critical angle of 
total reflection when a ray exits from the medium. 
[0031] As shown in Fig. 3-3 and Fig. 4-3, a case in 
which a ray incident on the object side surface of one 
spectacle lens passes through the inside of the lens, ex- 

40 its from the eyeball side surface, and reaches an eye- 
ball, is considered (hereinafter, it should be conveniently 
considered that the refractive index of air is approximat- 
ed to be 1 that is the same as in a vacuum to simplify 
description). When the refractive index of a spectacle 

45 lens is n, the incident angle of a ray incident on the object 
side surface is i. the refractive angle is r, the incident 
angle of a ray from within the tens reaching the eyeball 
side surface is i', and the refractive angle of an emergent 
ray is r*. the angle magnification M y passing through the 

50 two surfaces of the spectacle lens is expressed by a 
product of the above-described two kinds of angle mag- 
nifications. 

55 MY=Yxy = (Cos i X Cos l')/(Cos r x Cos r*). 

This is irrelevant to the refractive power on the lens sur- 
face and known as a magnification of a prism. 
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[0032] Here, when a case of i = r* and r = i* as shown 
in Fig. 3-1 and Fig. 4-1 Is considered, 

which means that there is no change in magnification of 
an image seen through a prism. Meanwhile, when a ray 
is perpendicularly incident on the object side surface of 
the spectacle lens as shown In Fig. 3-2, 

M Y = y = Cos iVCos r* S 1. 

and conversely, when a ray perpendicularly exits from 
the eyeball side surface of the spectacle lens as shown 
in Fig. 4-2, 

M Y = Y = Cos i/Cos r ^ 1. 

[0033] Here, what Is important is that the magnifica- 
tions M Y of a prism have a directional property. More 
specifically, when the distribution of prisms in a progres- 
sive-power lens is considered, it naturally varies de- 
pending on the diopter and prescription prism value, in 
which generally prisms in the far vision near the lens 
center are small and prisms in the vertical direction in 
the near vision located at a lower portion of the lens are 
large. Therefore, it can be said that the magnification M 
Yof the prism has great influence especially on the ver- 
tical direction in the near vision. 
[0034] Not only a progressive-power lens, but also a 
typical spectacle lens has a meniscus shape in which 
the object side surface is convex and the eyeball side 
surface Is concave, and thus taking it into consideration 
that the sight line in near vision is in a downward direc- 
tion, it can be said that the near vision through the pro- 
gressive-power lens having a positive refractive power 
in the near portion as shown in Fig. 3-3, Is similar to the 
shape in Fig. 3-2 of M y ^ 1 rather than in Fig. 3-1 of M 
Y = 1 , and at least M y > 1 - Similariy, it can be said that 
the near vision through the progressive-power lens hav- 
ing a negative refractive power in the near portion as 
shown in Fig. 4-3, is similar to the shape in Fig. 4-2 of 
M Y ^ 1 rather than in Fig. 4-1 of M y = 1 . and at least 
M Y < 1 . Accordingly, M y > 1 in the near vision through 
the progressive-power lens having a positive refractive 
power in the near portion, and M y< 1 In the near vision 
through the progressive-power lens having a negative 
refractive power in the near portion. 
[0035] VS^hile the magnification SM of the lens in Prior 
art 1 is grasped only as a product of the power factor 
Mp and the shape factor Ms as described above, the 
present invention aims to further multiply the product by 
the magnification M Yof a prism to obtain a correct mag- 
nification of a lens. 

[0036] The magnification M y by a prism is called a 



"prism factor" in contrast with Mp and Ms, and when suf- 
fix V is added for the vertical direction, and suffix h is 
added for the horizontal direction to express the magni- 
fication SM of an image, the above-described equations 
5 (1v') and (Ih*) are rewritten as follows: 

SMv = Mpv X Msv X M Y V (1 v") 



SMh = Mph X Msh x M y h (Ih"), 

It should be noted that these M y v and M y h can be 
obtained in the process of the above-described accurate 
ray tracing calculations. This can solve the problem of 
the influence by the prism action in the magnification cal- 
culations of a spectacle. 

[0037] In a typical convex surface progressive-power 
lens, the distance portion is lower than the near portion 
in surface refractive power of a "progressive surface" 
being the object side surface. In contrast to this, In the 
progressive-power lens of Prior art 1 , the distance por- 
tion is set equal to the near portion in surface refractive 
power of a "progressive surface" being the object side 
surface, thereby changing the ratio in the shape factor 
between the distance and near portions and decreasing 
the magnification difference between the distance and 
near portions, so as to improve the distortion and sway 
of an image by the progressive-power lens. In the study 
in the present invention, however, it is shown that al- 
though a reduction in the surface refiractive power dif- 
ference between the distance and near portions of a 
"progressive surface" being the object side surface 
presents an advantage of a decrease in the magnifica- 
tion difference of an image between the distance and 
near portions in the horizontal direction, there are some 
problems in decreasing the surface refractive power dif- 
ference in the vertical direction. 
[0038] A first problem is Influence by the prism factor 
M Y V in the vertical direction. The prism factor M y v in 
the vertical direction is as M y v < 1 when the near portion 
has a negative refractive power, and M y v > 1 when the 
near portion has a positive refractive power as de- 
scribed above, and this tendency is enhanced by de- 
45 creasing the surface refractive power difference in the 
vertical direction, whereby M y v deviates from M y v = 
1 , which Is a magnification of a naked eye, in either case 
of the diopter in the near portion being positive or neg- 
ative. Meanwhile, the prism factor M Yh in the horizontal 
50 direction receives no such influence, and thus it is kept 
as M Y h = 1. As a result, there arises a difference be- 
tween the vertical and horizontal directions in the mag- 
nification of an image especially in a portion from the 
near portion to a portion lower than that, thereby causing 
55 a disadvantage that an item which should look square 
under proper condition looks longer than wider in a plus 
diopter and wider than longer in a minus diopter. 
[0039] A second problem is one occurring only when 
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the near portion has a positive refractive power espe- 
cially in the vertical direction. Specifically, when the sur- 
face refractive power difference in the vertical direction 
is decreased, the angle between the sight line and the 
lens surface in the near vision is further increased, 
whereby the power factor Mpv in the vertical direction is 
Increased and acts doubly with the increase in the prism 
factor M Y V in the vertical direction, which is the first 
problem, to Increase the magnification SMv in the ver- 
tical direction, resulting in a disadvantage that the mag- 
nification difference of an image between the distance 
and near portions increases. 

[0040] In short, it is shown that the reduction in the 
surface refractive power difference between the dis- 
tance and near portions of a progressive surface being 
the object side surface is an advantage In the horizontal 
direction but is conversely deterioration in the vertical 
direction. Therefore, in a conventional-type convex sur- 
face progressive-power lens, the above-described 
problems can be solved by dividing the progressive sur- 
face being the object side surface into the vertical direc- 
tion and the horizontal direction, and decreasing the sur- 
face refractive power difference between the distance 
and near portions only in the horizontal direction. 
[0041] These things completely apply to the fact that 
"the visual field is widened" which is generally regarded 
as a merit of rear surface progression (or concave sur- 
face progression) as described below. 
[0042] It is generally known that an excellent visual 
field in the horizontal direction has Its limits since there 
is astigmatism in the peripheral portion of the "progres- 
sive surface." but if the "progressive surface" is placed 
on the eyeball side surface, the "progressive surface" 
itself approaches the eye to present an advantage that 
the excellent visual filed is widened in the horizontal di- 
rection. On the other hand, this results in a further dis- 
tance between the distance and near visual regions In 
the vertical direction to present a disadvantage that a 
labor increases In rotating the eye from the far vision to 
the near vision. In other words, the rear surface progres- 
sion (or concave surface progression), as compared to 
the conventional front surface progression (or convex 
surface progression), presents an advantage of widen- 
ing the visual field In the horizontal direction but a dis- 
advantage of increasing the rotating angle of the eye 
from the far vision to the near vision in the vertical direc- 
tion. 

[0043] The present invention, however, includes the 
progressive refracting surface which satisfies the rela- 
tional equations DHf + DHn < DVf + DVn and DHn < 
DVn, or DVn - DVf > ADD/2 and DHn - DHf < ADD/2 as 
described above, and thus the present Invention has 
characteristics created by the rear surface progression 
(or concave surface progression) greater than those by 
the conventional front surface progression (or convex 
surface progression) in the horizontal direction, and 
characteristics created by the conventional front surface 
progression (or convex surface progression) greater 



than those by the rear surface progression (or concave 
surface progression) in the vertical direction. Therefore, 
according to the present invention, it is possible to re- 
strain the disadvantage of increasing the eyeball rotat- 

5 ing angle between the distance and near portions in the 
vertical direction while receiving the advantage of in- 
creasing the visual field in the horizontal direction. 
[0044] Further, In an extreme example within the 
scope of the present invention, when DVn - DVf = ADD 

10 and DHn - DHf = 0, a lens has progressions identical to 
the conventional front surface progression (or convex 
surface progression) in the vertical direction and to the 
rear surface progression (or concave surface progres- 
sion) in the horizontal direction. Therefore, this case 

15 presents an extremely excellent result that the advan- 
tage in the horizontal direction can be obtained without 
the disadvantage in the vertical direction. 
[0045] Further, these things also apply to decreasing 
the magnification difference of an image between the 

20 distance portion and the near portion and improving the 
distortion and sway of the image as described above, 
and thus they can be advantages of the present inven- 
tion. 

[0046] As has been described, the most important 

25 characteristic of the present invention is that a progres- 
sive action of a progressive-power lens is divided in the 
vertical direction and the horizontal direction of the lens, 
and then an optimal sharing ratio between the front and 
rear two surfaces is set in each direction to configure 

30 one bi-aspherical type progressive-power lens. As an 
extreme example, it is also within the scope of the 
present invention that all the progressive action in the 
vertical direction is provided by the object side surface, 
and all the progressive action in the horizontal direction 

35 is provided by the eyeball side surface. In this case, 
since either of the front and rear two faces does not func- 
tion as a normal progressive surface only by one sur- 
face, the addition diopter as a progressive surface can- 
not be specified. This results in a progressive-power 

40 lens having the front and rear surfaces both of which are 
not progressive surfaces. Contrarily, although the 
above-described various prior arts are different in shar- 
ing ratio, in any of them the "value" of a required addition 
diopter is allotted to front and rear two surfaces, and af- 

45 ter an actual progressive surface to which each allotted 
addition diopter is given is imagined, a combined sur- 
face with a cylindrical surface Is configured as required. 
Consequently, the point of the preset invention definitely 
different from the prior arts exists in the configuration of 

50 a bi-aspherical type progressive-power lens using, on 
both surfarces, aspherical surfaces having progressive 
actions different depending on direction. 

Brief Description of Drawings 

55 

[0047] 

Fig. 1 is an explanatory view of various surface re- 
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fractive powers at positions on a spectacle lens; 
Fig. 2 is an explanatory view of a positional relation 
among an eyeball, sight lines, and a lens surface; 
Fig. 3-1 Is an explanatory view on a magnification 
M Y of a prism, being an explanatory view on a dif- 5 
ference between a plus lens and a minus lens and 
on a difference in magnification in viewing mainly 
using a near portion which Is a lower portion of a 
lens; 

Fig. 3-2 is an explanatory view on a magnification io 
M Y of a prism, being an explanatory view on a dif- 
ference between a plus lens and a minus lens and 
on a difference in magnification in viewing mainly 
using a near portion which is a lower portion of a 
lens; ^5 
Fig. 3-3 is an explanatory view on a magnification 
M YOf a prism, being an explanatory view on a dif- 
ference between a plus lens and a minus lens and 
on a difference in magnification in viewing mainly 
using a near portion which is a lower portion of a 20 
lens; 

Fig. 4-1 Is an explanatory view on a magnification 
M Y of a prism, being an explanatory view on a dif- 
ference between a plus lens and a minus lens and 
on a difference in magnifications in viewing mainly 25 
using a near portion which is a lower portion of a 
lens; 

Fig. 4-2 is an explanatory view on a magnification 
M Y of a prism, being an explanatory view on a dif- 
ference between a plus lens and a minus lens and so 
on a difference in magnifications in viewing mainly 
using a near portion which is a lower portion of a 
lens; 

Fig. 4-3 is an explanatory view on a magnification 
M Yof a prism, being an explanatory view on a dif- 35 
ference between a plus lens and a minus lens and 
on a difference in magnifications in viewing mainly 
using a near portion which is a lower portion of a 
lens; 

Fig. 5-1 is an explanatory view of an optical layout ^ 
of a progressive-power lens, being a front view of 
the progressive power lens when viewed from an 
object side surtace; 

Fig. 5-2 is an explanatory view of the optical layout 
of the progressive-power lens, being a side view 11- 45 
lustrating a cross section in the vertical direction; 
Fig. 5-3 is an explanatory view of the optical layout 
of the progressive-power lens, being an elevational 
view illustrating a cross section in the transverse di- 
rection; 50 
Fig. 6 is an explanatory view illustrating the differ- 
ence of definition on "addition diopter"; 
Fig. 7 is a view collectively showing in Table 1 -1 and 
Table 1-2 "surface refractive powers" and "results 
of accurate magnification calculations in a direction 55 
of a specific sight line" of Examples 1,4.5, and 6 
and Prior arts A, B. and C corresponding to the di- 
opters of Examples 1.4,5, and 6; 



Fig. 8 is a view collectively showing in Table 2-1 and 
Table 2-2 "surface refractive powers" and "results 
of accurate magnification calculations in a direction 
of a specific sight line" of Examples 2 and 7 and 
Prior arts A, B, and C corresponding to the diopters 
of Examples 2 and 7; 

Fig. 9 is a view collectively showing In Table 3-1 and 
Table 3-2 "surtace refractive powers" and "results 
of accurate magnification calculations in a direction 
of a specific sight line" of Example 3 and Prior arts 
A. B, and C corresponding to the diopters of the ex- 
ample 3; 

Fig. 10 is a view showing Graphs 1-1, 1-2. 2-1, and 
2-2 representing the surtace refractive power distri- 
butions of Example 1 and Example 2; 
Fig. 11 is a view showing Graphs 3-1 and 3-2 rep- 
resenting the surtace refractive power distributions 
of Example 3; 

Fig. 12 is a view showing Graphs 4-1 . 4-2, 5-1 , 5-2, 
6-1 and 6-2 representing the surface refractive pow- 
er distributions of Example 4 to Example 6; 
Fig. 13 Is a view showing Graphs 7-1 and 7-2 rep- 
resenting the surtace refractive power distributions 
of Example 7; 

Fig. 14 is a view showing Graphs A-1 , A-2, B-1, B- 
2, C-1 and C-2 representing the surface refractive 
power distributions of Prior art examples A, B. and 
C; 

Fig. 1 5 is a view showing Graph 1-3-Msv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of magnification distributions 
when lenses of Example 1 and three kinds of Prior 
art examples A, B, and C corresponding to the di- 
opters of Example 1 are viewed along main gazing 
lines; 

Fig. 16 is a view showing Graph 1-3-Msh represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the tenses of Example 1 and the three 
kinds of Prior art examples A, B, and G correspond- 
ing to the diopters of Example 1 are viewed along 
the main gazing lines; 

Fig. 1 7 is a view showing Graph 1 -3-Mpv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 1 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 1 are viewed along 
the main gazing lines; 

Fig. 1 8 is a view showing Graph 1 -3-Mph represent- 
ing results, obtained by pertorming accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 1 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 1 are viewed along 
the main gazing lines; 

Fig. 19 is a view showing Graph 1-3-M y v repre- 
senting results, obtained by pertorming accurate 



9 



17 



EPI 510 852 A1 



18 



magnification calculations, of the magnification dis- 
tributions when the lenses of Example 1 and the 
three kinds of Prior art examples A, B, and C corre- 
sponding to the diopter of Example 1 are viewed 
along the main gazing lines; 5 
Fig. 20 is a view showing Graph 1-3-M y h repre- 
senting results, obtained by performing accurate 
magnification calculations, of the magnification dis- 
tributions when the lenses of Example 1 and the 
three kinds of Prior art examples A, B, and C corre- io 
spending to the diopters of Example 1 are viewed 
along the main gazing lines; 
Fig. 21 is a view showing Graph 1-3-SMv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- is 
tions when the lenses of Example 1 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 1 are viewed along 
the main gazing lines; 

Fig. 22 is a view showing Graph 1 -3-SMh represent- 20 
ing results, obtained by perfonming accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 1 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 1 are viewed along 25 
the main gazing lines; 

Fig. 23 Is a view showing Graph 2-3-Msv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of magnification distributions 
when lenses of Example 2 and three kinds of Prior 30 
art examples A, B. and C corresponding to the di- 
opters of Example 2 are viewed along main gazing 
lines; 

Fig. 24 is a view showing Graph 2-3-Msh represent- 
ing results, obtained by performing accurate mag- 35 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 2 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 2 are viewed along 
the main gazing lines; <o 
Fig. 25 is a view showing Graph 2-3-Mpv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 2 and the three 
kinds of Prior art examples A, B, and C correspond- 45 
ing to the diopters of Example 2 are viewed along 
the main gazing lines; 

Fig. 26 is a view showing Graph 2-3-Mph represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 2 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 2 are viewed along 
the main gazing lines; 

Fig. 27 is a view showing Graph 2-3-M y v repre- 55 
senting results, obtained by performing accurate 
magnification calculations, of the magnification dis- 
tributions when the lenses of Example 2 and the 



three kinds of Prior art examples A, B, and C corre- 
sponding to the diopters of Example 2 are viewed 
along the main gazing lines; 
Fig. 28 is a view showing Graph 2-3-M y h repre- 
senting results, obtained by performing accurate 
magnification calculations, of the magnification dis- 
tributions when the lenses of Example 2 and the 
three kinds of Prior art examples A, B, and C corre- 
sponding to the diopters of Example 2 are viewed 
along the main gazing lines; 
Fig. 29 is a view showing Graph 2-3-SMv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 2 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 2 are viewed along 
the main gazing lines; 

Fig. 30 is a view showing Graph 2-3-SMh represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 2 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 2 are viewed along 
the main gazing lines; 

Fig. 31 is a view showing Graph 3-3-Msv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of magnification distributions 
when lenses of Example 3 and three kinds of Prior 
art examples A, B, and C corresponding to the di- 
opters of Example 3 are viewed along main gazing 
lines; 

Fig. 32 is a view showing Graph 3-3-Msh represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 3 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 3 are viewed along 
the main gazing lines; 

Fig. 33 is a view showing Graph 3-3-Mpv represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 3 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 3 are viewed along 
the main gazing lines; 

Fig. 34 is a view showing Graph 3-3-r^ph represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 3 and the three 
kinds of Prior art examples A, B, and C correspond- 
ing to the diopters of Example 3 are viewed along 
the main gazing lines; 

Fig. 35 is a view showing Graph 3-3-M y v repre- 
senting results, obtained by performing accurate 
magnification calculations, of the magnification dis- 
tributions when the lenses of Example 3 and the 
three kinds of Prior art examples A. B, and C corre- 
sponding to the diopters of Example 3 are viewed 
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along the main gazing lines; 
Fig. 36 Is a view showing Graph 3-3-M y h repre- 
senting results, obtained by performing accurate 
magnification calculations, of the magnification dis- 
tributions when the lenses of Example 3 and the ^ 
three kinds of Prior art examples A. B, and C corre- 
sponding to the diopters of Example 3 are viewed 
along the main gazing lines; 
Fig. 37 Is a view showing Graph 3-3-SMv represent- 
ing results, obtained by performing accurate mag- io 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 3 and the three 
kinds of Prior art examples A. B, and C correspond- 
ing to the diopters of Example 3 are viewed along 
the main gazing lines; and 

Fig. 38 is a view showing Graph 3-3-SMh represent- 
ing results, obtained by performing accurate mag- 
nification calculations, of the magnification distribu- 
tions when the lenses of Example 3 and the three 
kinds of Prior art examples A, B. and C correspond- 20 
ing to the diopters of Example 3 are viewed along 
the main gazing lines. 

Best Mode for Carrying out the Invention 

25 

[0048] Hereinafter, a bl-aspherlcal type progressive- 
power lens according to an embodiment of the present 
invention of the application will be described. In the fol- 
lowing description, a designing method used for obtain- 
ing the bi-aspherical type progressive-power lens ac- 
cording to the embodiment will be described first, and 
then the bi-aspherical type progressive-power lens ac- 
cording to the embodiment will be described. 

(Procedures of Lens Design) 

[0049] The outline of procedures of an optical design- 
ing method of the bi-aspherical type progressive-power 
lens according to the embodiment is as follows: 

® Setting of input information, 
0 Double surface design as a convex progressive- 
power lens, 

® Conversion into a convex surface shape of the 
present invention and accompanying rear surface 
correction, and 

® Rear surface correction accompanying a trans- 
mission design, a Listing's law-compliant design, 
and so on. 

Hereinafter, the individual procedure will be made into 
further divided steps for detailed description. 

0 Setting of input information 

[0050] The input information is roughly divided into 
the following two kinds (information other than optical 
design is omitted). 



0 -1 : Item specific information 

[0051] Data specific to a lens item. A refractive index 
of a raw material Ne, a minimum center thickness CT- 
min, a minimum edge thickness ETmin, progressive sur- 
face design parameters, and so on. 

0 -2: Wearer specific information 

[0052] A far vision diopter (a spherical surface diopter 
S, a cylindrical diopter C, a cylindrical axis AX, a prism 
diopter P, a prism base direction PAX, and so on), an 
addition diopter ADD, frame shape data (preferably, 
three-dimensional shape data), frame wearing data (a 
fonvard tilt angle, a horizontal tilt angle, and so on), an 
Inter-vertex distance, lay-out data (a far vision PD, a 
near vision CD, an eye point position, and so on), and 
other data on an eyeball. It should be noted that pro- 
gressive surface design parameters such as a progres- 
sive zone length specified by a wearer, a measuring 
method of an addition diopter, an amount of inner shift 
of the near portion are classified into the wearer specific 
information. 

(D Double surface design as a convex progressive- 
power lens 

[0053] A lens is first designed, divided into a convex 
surface and a concave surface, as a conventional type 
convex progressive-power lens. 

(2) -1 : Convex surface shape (convex progressive ' 
surface) design 

[0054] To realize the addition diopter ADD and the 
progressive zone length provided as input information, 
a conventional type convex progressive surface shape 
is designed in accordance with the progressive surface 
design parameters being the input information. Various 
conventional known technologies can be used in the de- 
sign in this step, and thus the design technology of the 
present Invention is unnecessary. 
[0055] A specific example of this method is, for exam- 
ple, a method of setting first a "main meridian" corre- 
sponding to a spine when forming a lens surface. It is 
preferable that the "main meridian" is finally a "main gaz- 
ing line" corresponding to an intersecting line of a sight 
line and a lens surface when a spectacle wearer looks 
with both eyes from a front upper portion (far) to a lower 
portion (near). However, the inner shift of the near region 
in response to the convergence action of the eye In the 
near vision is not necessarily dealt with through inner 
shift of the "main gazing tine" as will be described later. 
Therefore, the "main gazing line" here is defined as one 
meridian (main meridian) in the vertical direction which 
passes through the lens center and divides the lens sur- 
face into a right part and a left part. A lens has front and 
rear two surfaces, and thus there are two "main merid- 
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ians" on the front and rear surfaces. The "main meridian" 
looks straight when viewed perpendicularly to the iens 
surface, but it generally becomes a curved line in a 
three-dimensional space when the tens surface is a 
curved surface. 5 
[0056] Then, based on the information such as a pre- 
determined addition diopter and progressive zone 
length, an appropriate refractive power distribution 
along the "main meridian" is set. Although the refractive 
power distribution can be set dividedly to the front and 
rear two surfaces, with the influence by the thickness of 
the lens and an angle between a sight line and a refrac- 
tive surface taken into consideration, all the progressive 
action should be provided on a first refractive surface 
being an object side surface since the conventional type 
convex progressive surface shape is designed in this 
step. Therefore, for example, assuming that when a sur- 
face refractive power of a front surface (a first refractive 
surface being an object side surface) of a lens is D1, 
and a surface refractive power of a rear surface (a sec- 
ond refractive surface being an eyeball side surface) of 
the lens is D2, a resulting transmission refractive power 
Is D, generally the transmission refractive power D can 
be approximately obtained as D =D1 - D2. The combi- 
nation of D1 and D2, however, preferably has a menis- 
cus shape in which the object side surface is convex 
and the eyeball side surface is concave. Note that D2 
has a positive value here. Although the rear surface of 
the lens is generally a concave surface and thus has a 
surface refractive power of a negative value, D2 should 
be given a positive value In this specification for simpli- 
fication of description to calculate the transmission re- 
fractive power D by subtracting D2 from D1. 
[0057] A relational equation between the surface re- 
fractive power and the surface shape is generally de- 
fined by the following equation, 

Dn = (N-1)/R 

where Dn: a surface refractive power of an n-th surface 
(unit: diopter), N: a refractive index of a lens material, 
R: a radius of curvature (unit: m). Therefore, a method 
of converting the distribution of the surface refractive 
power into a distribution of curvature uses the equation, 

1/R = Dn/(N-1). 

created by transforming the above relational equation. 
By obtaining the distribution of curvature, the geometri- 
cal shape of the "main meridian" is uniquely determined, 
which means that the "main meridian" corresponding to 
the spine in forming a lens surface is set. 
[0058] What is required next Is a 'sectional curved line 
group in the horizontal direction" corresponding to cos- 
tae in forming the lens surface. Though intersecting an- 
gles of the "sectional curved line group in the horizontal 



direction" and the "main meridian" are not necessarily 
right angles, each "sectional curved line in the horizontal 
direction" should intersect at right angles with the "main 
meridian" to simplify the description Further, "surface re- 
fractive powers in the horizontal direction" of the "sec- 
tional curved line group in the horizontal direction" at in- 
tersections with the "main meridian" do not always need 
to be identical to "surface refractive powers in the verti- 
cal direction" along the "main meridian", and the present 
invention is made based on the difference in the surface 
refractive power between the vertical direction and the 
horizontal direction as actually described in claims. In 
the design in this step, however, since the conventional 
type convex progressive surface shape is designed, the 
surface refractive powers in the vertical direction and the 
horizontal direction at the intersections should be iden- 
tical with each other. 

[0059] By the way, all the "sectional curved lines in 
the horizontal direction" can be simple circular curved 
lines having surface refractive powers at the intersec- 
tions, and can also be made with applications by various 
prior arts incorporated thereto. One of conventional 
technologies on surface refractive power distribution 
along the "sectional curved line in the horizontal direc- 
tion" is, for example, a technology in Japanese Patent 
Publication No. Sho 49-3595. This technology is char- 
acterized in that one "sectional curved lines in the hori- 
zontal direction" in an almost circular shape is set near 
the center of a lens, and sectional curved lines posi- 
tioned at an upper portion is made to have a distribution 
of surface refractive power increasing from the center 
to the side, and sectional curved lines positioned at a 
lower portion is made to have a distribution of surface 
refractive power decreasing from the center to the side. 
As described above, the "main meridian" and the "sec- 
tional curved line group in the horizontal direction" com- 
posed of an uncountable number of lines positioned side 
by side thereon, form a lens surface as the spine and 
costae, thus determining a refractive surface. 

(D -2: Concave surface shape (spherical or cylindrical 
surface) design 

[0060] To realize the far vision diopter provided as the 
input information, a concave surface shape is designed. 
The surface becomes a cylindrical surface if the far vi- 
sion diopter includes a cylindrical diopter, and a spher- 
ical surface if not. In this event, the center thickness CT 
suitable for the diopter and the tilt angle between sur- 
faces, the convex surface and the concave surface, are 
also designed at the same time, thus determining the 
shape as a lens. Various conventional known technolo- 
gies can also be used in the design in this step, and thus 
the design technology of the present Invention Is unnec- 
essary. 
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® Conversion into a convex shape of the present 
invention and accompanying rear surface correction 

[0061] In accordance with the far vision diopter and 
the addition diopter ADD provided as the input informa- 
tion, the conventional type convex progressive-power 
lens is converted into the shape as a lens of the present 
invention. 

(g) -1 : Convex surface shape (the present invention) 
design 

[0062] In accordance with the far vision diopter and 
the addition diopter ADD provided as the input informa- 
tion, the conventional type convex progressive surface 
is converted into the convex surface shape of the 
present invention. More specifically, when a surface re- 
fractive power in the horizontal direction and a surface 
refractive power in the vertical direction, at a far vision 
diopter measurement position F1, are DHf and DVf re- 
spectively, and a surface refractive power in the hori- 
zontal direction and a surface refractive power in the 
vertical direction, at a near vision diopter measurement 
position N1, are DHn and DVn respectively, the above- 
described conventional convex progressive lens sur- 
face (the first refractive surface being the object side 
surface) is converted into a progressive refracting sur- 
face which satisfies the relational equations, 

DHf + DHn < DVf + DVn. and DHn < DVn. 

or the relational equations. 

DVn - DVf> ADD/2, and DHn - DHf < ADD/2. 

In this event, the shape is preferably converted into the 
convex surface shape of the present invention without 
changing the average surface refractive power of the 
whole convex surface. It is conceivable, for example, to 
keep the total average value of the surface refractive 
powers in the vertical and horizontal directions in the 
distance portion and the near portion. The value, how- 
ever, desirably falls within a range keeping a meniscus 
shape in which the object side surface is convex and the 
eyeball side surface is concave. 

-2: Concave surface shape (the present invention) 
design 

[0063] The amount of transformation in converting 
from the conventional type convex progressive surface 
into the convex surface shape of the present invention 
in the above-described (D -1 , is added to the concave 
surface shape designed in @ -2. In other words, the 
amount of transformation, identical to that of the front 
surface (the first refractive surface being the object side 



surface) of the lens added in the process® -1 , is added 
to the rear surface (the second refractive surface being 
the eyeball side surface) of the lens. Note that this trans- 
formation is not uniform over the whole surface though 

5 it is similar to "bending" in which the lens itself is bent, 
but makes a surface which satisfies the relational equa- 
tions described in (D -1 . It should be noted that the rear 
surface corrections are within the scope of the present 
invention, but are merely corrections of linear approxi- 

10 mation. and it is preferable to add rear surface correction 
in®. 

® Rear surface correction accompanying transmission 
design, a Listing's law-compliant design, design for an 
15 inner shift-compliant design of a near portion, and so on 

[0064] To realize the optical function provided as the 
input information, in a situation in which a wearer actu- 
ally wears a lens, it is desirable to further add rear sur- 
face correction to the lens of the present invention ob- 
tained in ® . 

(3) -1 : Concave surface shape (the present invention) 
design for transmission design 

[0065] The transmission design means a designing 
method for obtaining an essential optical function in the 
situation in which a wearer actually wears a lens, a de- 
signing method of adding a "correction action" for elim- 
inating or reducing occurrence of astigmatism and 
change in diopter primarily caused by impossibility of a 
sight line intersecting at right angles with a lens surface. 
[0066] Specifically, as described above, the differ- 
ence of optical performance of the lens with respect to 
a target essential optical performance is grasped 
through accurate ray tracing calculation in accordance 
with tiie direction of the sight line, and surface correction 
to cancel the difference is implemented. By repeating 
this, the difference can be minimized to obtain an opti- 
mal solution. Generally, it is often very difficult and ac- 
tually impossible to directly calculate a lens shape hav- 
ing a target optical performance. This is because a "lens 
shape having an art>itrarily set optical performance" 
does not always actually exist. Conversely, it is relatively 
easy to obtain an "optical performance of an arbitrarily 
set lens shape." Therefore, it is possible to bring the op- 
tical performance to a target optical performance by first 
provisionally calculating a lineariy approximated surface 
by an arbitrary method, finely adjusting the design pa- 
rameters in accordance with evaluation results on the 
optical performance of the lens shape using the approx- 
imated surface to sequentially modulate the lens shape, 
and retuming to the evaluation step for a repeat of 
reevaluation and readjustment This technique is one of 
well-known techniques called "optimization." 
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® -2: Concave surface shape (the present invention) 
design for a Listing's law-compliant design 

[0067] It is known that three-dimensional rotating mo- 
tions of eyes when we look around are based on a rule 
called "Listing's law." When a prescription diopter in- 
cludes a cylindrical diopter, cylindrical axes of a specta- 
cle lens and the eye may not match to each other in pe- 
ripheral vision even if the cylindrical axis of the lens is 
matched to the "cylindrical axis of the eye in front vision." 
It is also possible to add a "correction action" for elimi- 
nating or reducing occun-ence of astigmatism and 
change in diopter caused by such a mismatch between 
the cylindrical axes of the lens and the eye in the periph- 
eral vision, to a curved surface being the surface on the 
side having a cylindrical correction action of a lens ac- 
cording to the present invention. 
[0068] Specifically, similarly to the method of the "op- 
timization" used in the difference of optical per- 
formance of the lens with respect to a target essential 
optical performance is grasped through accurate ray 
tracing calculation in accordance with the direction of 
the sight line, and surface correction to cancel the dif- 
ference is implemented. By repeating this, the differ- 
ence can be minimized to obtain an optimal solution. 

® -3: Concave surface shape (the present invention) 
design for an inner shift-compliant design of a near 
portion 

[0069] Though the present invention is of a surface 
configuration being a bi-aspherical surface, both surfac- 
es are not always processed after acceptance of an or- 
der to obtain an effect of the present invention. It is ad- 
vantageous in terms of cost and processing speed, for 
example, to prepare in advance "semifinished products" 
of the object side surface meeting the object of the 
present invention, select, after acceptance of an order, 
from among them a "semifinished product" of the object 
side surface meeting the purpose such as a prescription 
diopter or the above-described custom-made product 
(individual design), and process and finish only the eye- 
bail side surface after the acceptance of the order. 
[0070] In a specific example of this method, the object 
side surface Is prepared in advance as a bilaterally sym- 
metrical "semifinished producr In the above-described 
convex surface shape (the present invention) design in 
(3) -1 , and the eyeball side surface is designed as a bi- 
laterally asymmetrical curved surface meeting the pur- 
pose after being inputted individual information such as 
an inter-pupil distance, object distance in near vision, 
whereby the Inner shift of the near portion in response 
to the individual information can be performed. 
[0071] Hereinafter, examples of the bi-aspherical sur- 
face progressive refractive lens designed by the akx>ve- 
described designing method will be described with ref- 
erence to the drawings. Fig. 7 is a view collectively 
showing in Table 1-1 and Table 1-2 'surface refractive 



powers" and "results of accurate magnification calcula- 
tions in a direction of a specific sight line" of Examples 
1, 4, 5, and 6 and Prior arts A, B, and C corresponding 
to the diopters of Examples 1, 4. 5, and 6. Fig. 8 Is a 

5 view collectively showing in Table 2-1 and Table 2-2 
"surface refractive powers" and "results of accurate 
magnification calculations in a direction of a specific 
sight line" of Examples 2 and 7 and Prior arts A, B, and 
C corresponding to the diopters of Examples 2 and 7. 

10 Fig. 9 is a view collectively showing in Table 3-1 and 
Table 3-2 "surface refractive powers" and "results of ac- 
curate magnification calculations in a direction of a spe- 
cific sight line" of Example 3 and Prior arts A, B, and C 
corresponding to the diopters of the example 3. Fig. 10 

15 is a view showing Graphs 1-1, 1-2, 2-1, and 2-2 repre- 
senting the surface refractive power distributions of Ex- 
ample 1 and Example 2, Fig. 11 is a view showing 
Graphs 3-1 and 3-2 representing the surface refractive 
power distributions of Example 3, Fig. 1 2 is a view show- 

20 ing Graphs 4-1, 4-2, 5-1 , 5-2, 6-1 and 6-2 representing 
the surface refractive power distributions of Example 4 
to Example 6. Fig. 13 is a view showing Graphs 7-1 and 
7-2 representing the surface refractive power distribu- 
tions of Example 7, and Fig. 14 is a view showing 

25 Graphs A-1, A-2, B-1, B-2, C-1 and C-2 representing 
the surface refractive power distributions of Prior art ex- 
amples A, B, and C. 

[0072] Fig. 15 is a view showing Graph 1-3-Msv rep- 
resenting the results, obtained by performing accurate 

30 magnification calculations, of magnification distributions 
when lenses of Example 1 and three kinds of Prior art 
examples A, B, and C corresponding to the diopters of 
Example 1 are viewed along main gazing lines, Fig. 16 
Is a view showing Graph 1-3-Msh representing results, 

35 obtained by performing accurate magnification calcula- 
tions, of the magnification distributions when the lenses 
of Example 1 and the three kinds of Prior art examples 
A, B, and C corresponding to the diopters of Example 1 
are viewed along the main gazing lines, Fig. 1 7 is a view 

40 showing Graph 1-3-Mpv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 1 and the three kinds of Prior art examples A. B. 
and C corresponding to the diopters of Example 1 are 

45 viewed along the main gazing lines. Fig. 18 is a view 
showing Graph 1-3-Mph representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 1 and the three kinds of Prior art examples A, B, 

50 and C corresponding to the diopters of Example 1 are 
viewed along the main gazing lines, Fig. 19 is a view 
showing Graph 1-3-M yv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 

55 ample 1 and the three kinds of Prior art examples A. B, 
and C corresponding to the diopters of Example 1 are 
viewed along the main gazing lines, Fig. 20 is a view 
showing Graph 1-3-M yh representing results, obtained 



14 



27 



EP 1 510 852 A1 



28 



by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 1 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 1 are 
viewed along the main gazing lines, Fig. 21 is a view 
showing Graph 1-3-SMv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 1 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 1 are 
viewed along the main gazing lines, and Fig. 22 is a view 
showing Graph 1-3-SMh representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 1 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 1 are 
viewed along the main gazing lines. 
[0073] Fig. 23 is a view showing Graph 2-3-Msv rep- 
resenting results, obtained by performing accurate mag- 
nification calculations, of magnification distributions 
when lenses of Example 2 and three kinds of Prior art 
examples A, B, and C corresponding to the diopters of 
Example 2 are viewed along main gazing lines, Fig. 24 
Is a view showing Graph 2-3-Msh representing results, 
obtained by performing accurate magnification calcula- 
tions, of the magnification distributions when the lenses 
of Example 2 and the three kinds of Prior art examples 
A, B, and C corresponding to the diopters of Example 2 
are viewed along the main gazing lines, Fig. 25 is a view 
showing Graph 2-3-Mpv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 2 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 2 are 
viewed along the main gazing lines. Fig. 26 is a view 
showing Graph 2-3-Mph representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 2 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 2 are 
viewed along the main gazing lines. Fig. 27 is a view 
showing Graph 2-3-M yv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 2 and the three kinds of Prior art examples A. B. 
and C corresponding to the diopters of Example 2 are 
viewed along the main gazing lines, Fig. 28 is a view 
showing Graph 2-3-M yh representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 2 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 2 are 
viewed along the main gazing lines, Fig. 29 is a view 
showing Graph 2-3-SMv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 2 and the three kinds of Prior art examples A, B. 
and C corresponding to the diopters of Example 2 are 



viewed along the main gazing lines, and Fig. 30 is a view 
showing Graph 2-3-SMh representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
5 ample 2 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 2 are 
viewed along the main gazing lines. 
[0074] Fig. 31 is a view showing Graph 3-3-Msv rep- 
resenting results, obtained by performing accurate mag- 
to nification calculations, of magnification distributions 
when lenses of Example 3 and three kinds of Prior art 
examples A, B, and C corresponding to the diopters of 
Example 3 are viewed along main gazing lines. Fig. 32 
is a view showing Graph 3-3-Msh representing results, 
15 obtained by performing accurate magnification calcula- 
tions, of the magnification distributions when the lenses 
of Example 3 and the three kinds of Prior art examples 
A, B, and C corresponding to the diopters of Example 3 
are viewed along the main gazing lines. Fig. 33 is a view 
20 showing Graph 3-3-Mpv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributk>ns when the lenses of Ex- 
ample 3 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 3 are 
25 viewed along the main gazing lines, Fig. 34 is a view 
showing Graph 3-3-Mph representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 3 and the three kinds of Prior art examples A, B, 
30 and C corresponding to the diopters of Example 3 are 
viewed along the main gazing lines, Fig. 35 is a view 
showing Graph 3-3-M yv representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
35 ample 3 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 3 are 
viewed along the main gazing lines. Fig. 36 is a view 
showing Graph 3-3-M yh representing results, obtained 
by performing accurate magnification calculations, of 
40 the magnification distributions when the lenses of Ex- 
ample 3 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 3 are 
viewed along the main gazing lines, Fig. 37 is a view 
showing Graph 3-3-SMv representing results, obtained 
45 by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 3 and the three kinds of Prior art examples A, B, 
and C corresponding to the diopters of Example 3 are 
viewed along the main gazing lines, and Fig. 38 is a view 
50 showing Graph 3-3-SMh representing results, obtained 
by performing accurate magnification calculations, of 
the magnification distributions when the lenses of Ex- 
ample 3 and the three kinds of Prior art examples A. B, 
and C corresponding to the diopters of Example 3 are 
55 viewed along the main gazing lines. 
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Example 1 

[0075] Table 1 -1 in Fig. 7 is a list regarding the surface 
refractive powers of Example 1 according to the present 
invention. The diopters of Example 1 correspond to S 
being 0.00 and ADD being 3.00, with three kinds of prior 
art examples having the same diopters being listed to- 
gether for comparison. It should be noted that Prior art 
example A, Prior art example B, and Prior art example 
C correspond to a "convex surface progressive-power 
lens" in which the object side surface is a progressive 
surface, a "bi-surface progressive-power lens" in which 
both the object side surface and eyeball side surface 
are progressive surfaces, and a "concave surface pro- 
gressive-power lens" In which the eyeball side surface 
is a progressive surface, respectively. Meanings of 
items used in Table 1-1 are as follows: 

DVf 1 : surface refractive power in the vertical direc- 
tion at a far vision diopter measurement position F1 
on the object side surface, 

DHfl: surface refiractive power in the horizontal di- 
rection at the far vision diopter measurement posi- 
tion F1 on the object side surface, 
DVnl : surface refractive power In the vertical direc- 
tion at a near vision diopter measurement position 
N1 on the object side surface, 
DHn1 : surface refractive power in the horizontal di- 
rection at the near vision diopter measurement po- 
sition N1 on the object side surface, 
DVf2: surface refractive power in the vertical direc- 
tion at a far vision diopter measurement position F2 
on the eyeball side surface, 

DHf2: surface refractive power in the horizontal di- 
rection at the far vision diopter measurement posi- 
tion F2 on the eyeball side surface, 
DVn2: surface refractive power in the vertical direc- 
tion at a near vision diopter measurement position 
N2 on the eyeball side surface, and 
DHn2: surface refractive power in the horizontal di- 
rection at the near vision diopter measurement po- 
sition N2 on the eyeball side surface. 

[0076] Graphs 1-1 and 1-2 in Fig. 10 are graphs show- 
ing the surface refractive power distributions along the 
main gazing lines of Example 1 , with the horizontal axis 
indicating the lens upper side on the right hand side and 
the lens tower side on the left hand side, and the vertical 
axis indicating the surface refractive power. Here, Graph 
1-1 corresponds to the object side surface, and Graph 
1-2 corresponds to the eyeball side surface. Besides, 
the graph shown by a solid line represents the surface 
refractive power distribution in the vertical direction 
along the main gazing line, and the graph shown by a 
dotted line represents the surface refractive power dis- 
tribution in the horizontal direction along the main gazing 
line. It should be noted that these are graphs for explain- 
ing the basic difference in surface configuration, omit- 



ting a case of aspherical processing for eliminating 
astigmatism in a peripheral portion and a case of addi- 
tion of a cylindrical component for coping with a cylin- 
drical diopter. 

5 [0077] Further, for comparison, Graphs A-1 and A-2, 
Graphs B-1 and B-2, and Graphs C-1 and C-2 are 
shown in Fig. 14 as graphs showing the surface refrac- 
tive power distributions along the main gazing lines of 
the three kinds of prior art examples having the same 

10 diopters, which are listed in Table 1-1 . Note that, mean- 
ings of terms in these graphs are as follows: 

F1 : far vision diopter measurement position on the 
object side surface, 
15 F2: far vision diopter measurement position on the 
eyeball side surface, 

N1: near vision diopter measurement position on 
the object side surface, 

N2: near vision diopter measurement position on 
20 the eyeball side surface. 

CV1: graph showing the surface refractive power 
distribution in the vertical direction along the main 
gazing line on the object side surface (shown by the 
solid line). 

25 CH1: graph showing the surface refractive power 
distribution in the horizontal direction along the 
main gazing line on the object side surface (shown 
by the dotted line), 

CV2: graph showing the surface refractive power 
30 distribution in the vertical direction along the main 
gazing line on the eyeball side surface (shown by 
the solid line), and 

CH2: graph showing the surface refractive power 
distribution in the horizontal direction along the 
35 main gazing line on the eyeball side surface (shown 
by the dotted line). 

[0078] The surface refractive powers at F1 , N1 , F2, 
and N2 on these graphs correspond to those in the 

40 aforementioned Table 1-1. and meanings of the terms 
such as DVf1 to DHn2 are also the same as those in the 
aforementioned Table 1-1. Note that one-dotted chain 
lines in the horizontal direction at the middle in these 
graphs show average surface refractive powers on the 

45 object side surface (total average values of the vertical 
and horizontal surface refractive powers at F1 and N1). 
Any of the average surface refiractive powers on the ol>- 
ject side surface in Example 1 according to the present 
invention and the three kinds of prior art examples was 

50 uniformly set to 5.50 diopter for falmess in comparison. 
[0079] The next eight kinds of graphs starting with 
Graph 1-3- shown in Fig. 15 to Fig. 22 are graphs show- 
ing results, obtained by performing the above-described 
accurate magnification calculations, of magnification 

55 distributions when the lens of Example 1 according to 
the present invention is viewed along the main gazing 
line, with the horizontal axis indicating the lens upper 
side on the right hand side and the lens left lower side 
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on the left hand side, and the vertical axis indicating the 
magnification. In the drawing, a thick solid line is for Ex- 
ample 1 , a thin chain line is for Prior art example A, a 
thick chain line is for Prior art example B, and a thin solid 
line is for Prior art example C. These apply to the follow- 
ing graphs of this kind. Note that the horizontal axis was 
set to allow comparison for each sight line direction 
through use of eyeball rotating angles, and magnifica- 
tion scales on the vertical axes of the graphs were 
matched to each other for faimess. Symbols appended 
to "Graph 1-3-" mean, 

Msv: shape factor in the vertical direction, 
Msh: shape factor in the horizontal direction, 
Mpv: power factor in the vertical direction, 
Mph: power factor in the horizontal direction, 
M y v: prism factor in the vertical direction, 
M Y h: prism factor In the horizontal direction, 
SMv: magnification in the vertical direction, and 
SMh: magnification in the horizontal direction, 
and, as described above, the magnification SMv in the 
vertical direction and the magnification SMh In the hor- 
izontal direction are in the relation such that 

SMv = Msv X Mpv X M Y V 



SMh = Msh X Mph X M y h. 

[0080] It should be noted that any of Example 1 and 
the above-described three kinds of prior art examples 
was made urider specifications with the refractive Index 
n = 1 .699, the center thickness t = 3.0 mm, and no prism 
at the geometrical center GC. The objective power (in- 
verse number of the object distance) was set such that 
the objective power Px at F1, F2 was set as Px = 0.00 
diopter (infinite far), the objective power Px at N1, N2 
was set as Px = 2.60 diopter (40 cm), and the objective 
powers given in other positions were made by multiply- 
ing ratios of the additional refractive powers along the 
main gazing line by 2.50 diopter. Besides, the distance 
L from the lens rear vertex to the comeal vertex was set 
as L = 1 5.0 mm, and the distance from the comeal vertex 
to the eyeball tuning center CR was set as CR = 1 3.0 
mm. The eyeball rotating angle 9 was indicated, with the 
eyeball tuning center point C being positioned on the 
normal line passing through the geometrical center GC 
on the object side lens surface, the rotating angle when 
the normal line and the sight line match to each other 
being regarded as 0 degree, and the upper portion 
shown with (+) and the lower portion shown with (-). 
Thereafter, standardization was made such that the 
eyeball rotating angle 6 with respect to F1 , F2 was +30.0 
degrees, and the eyeball rotating angle 8 with respect 
to N1 . N2 was -1 5.0 degrees, for consideration of allow- 
ing comparison on the same condition even the progres- 
sive action and the surface refractive power distribution 
were either on front or rear side. 



[0081] Table 1-2 in Fig. 7 is a list of results obtained 
by performing the above-described accurate magnifica- 
tion calculations for a specific sight line direction of Ex- 
ample 1 according to the present invention and the three 

5 kinds of prior art examples prepared for comparison, 
and corresponds to the above-described Graph 
1-3-SMv (total magnification in the vertical direction) in 
Fig. 21 and Graph 1-3-SMh (total magnification in the 
horizontal direction) in Fig. 22. Since magnification val- 

10 ues are different between the vertical direction and hor- 
izontal direction as described above, both magnifica- 
tions were calculated. Here, meanings represented by 
symbols in Table 1-2 are as follows: 

15 SMvf: magnification in the vertical direction on a 
sight line passing through a far vision measurement 
point, 

SMvn: magnification in the vertical direction on a 
sight line passing through a near vision measure- 
20 ment point, 

SMvfn: magnification difference in the vertical direc- 
tion (SMvn - SMvf), 

SMhf: magnification in the horizontal direction on a 
sight line passing through a far vision measurement 
25 point, 

SMhn: magnification in the horizontal direction on a 
sight line passing through a near vision measure- 
ment point, and 

SMhfh: magnification difference in the horizontal di- 
30 rection (SMhn - SMhQ. 

[0082] SMvfn and SMhfn In Table 1 -2, that is, the mag- 
nification difference in the vertical direction (SMvn - SM- 
vf) and the magnification difference in the horizontal di- 
35 rection (SMhn - SMhf), show that the values of magni- 
fication differences of Example 1 according to the 
present invention are suppressed to as low as 0.1342 
and 0.0964, whereas those of the prior art examples are 

0. 1380 and 0.1015 in A, 0.1360 and 0.0988 in B, and 
40 0.1342 and 0.0961 in C. In other words, the magnifica- 
tion difference between the distance portion and the 
near portion of Example 1 according to the present in- 
vention are made further smaller than those of Prior art 

1 , which shows that Example 1 is improved more greatly 
45 than Prior art 1 also in distortion and sway of an image. 

Note that the difference between the vertical direction 
and the horizontal direction in calculating the magnifica- 
tion is not taken into consideration at all in the patent 
specification corresponding to the at>ove-described Pri- 

50 or art 1 . However, as is immediately apparent from com- 
parison between Graph 1-3-SMv (total magnification in 
the vertical direction) in Fig. 21 and Graph 1-3-SMh in 
Fig. 22 (total magnification in the horizontal directbn) 
resulting from accurate magnification calculations, cor- 

55 responding to Example 1 according to the present in- 
vention, magnification distributions of an image in the 
vertical direction and the horizontal direction are appar- 
ently different. Further, it is easily read that this differ- 
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ence is prominent mainly in the near portion and a por- 
tion lower than that (at an eyeball rotating angle of 
around -20 degrees and lower). 
[0083] As expressed in the above-described magnifi- 
cation calculation equations, 

the magnification in the vertical direction SMv = 
Msv X Mpv X M Yv, 

the magnification in the horizontal direction SMh 
= Msh X Mph X M yh. 

Graph 1-3-SMv is obtained by multiplying three ele- 
ments, that Is, values of Graph 1 -3-Msv, Graph 1 -3-Mpv, 
and Graph 1-3-M y v, and similarly Graph 1-3-SMh is 
obtained by multiplying three elements, that is, values 
of Graph 1-3-Msh, Graph 1-3-Mph. and Graph 1-3-M y 
h. In comparison between the elements in the vertical 
direction and the horizontal direction here, there Is no 
apparent difference found between Msv and Msv which 
are shape factors, whereas there is a difference found 
between Mpv and Mph in a portion lower than the near 
portion (at an eyeball rotating angle of around -25 de- 
grees and lower). Further, there is an obvious difference 
between M y v and M y h in the near portion and a lower 
portion than that (at an eyeball rotating angle of around 
-15 degrees and lower). In short, it is shown that the 
major cause of the difference between Graph 1-3-SMv 
and Graph 1-3-SMh is the difference between M y v and 
M y h, the secondary cause thereof Is the difference be- 
tween Mpv and Mph, and there is no obvious difference 
found between Msv and Msh, which are almost irrele- 
vant thereto. Consequently, the reason why there is no 
difference found between magnifications in the vertical 
direction and the horizontal direction in the patent spec- 
ification corresponding to Prior art 1 is that the prism 
factors M y V and M y h, which are major causes of a 
magnification difference, are not taken into considera- 
tion at all, and because the object distance and the angle 
between the sight line and lens are neglected, there is 
no difference found between the power factors Mpv and 
Mph, which are secondary causes. Further, there is no 
difference found among the examples in the magnifica- 
tion difference between the distance portion and the 
near portion, as long as in the scale used in Example 1 
of the present invention, in the shape factors Msv and 
Msh which are regarded as reasons of improvement in 
Prior art 1 . 

[0084] In Prior art 1 "the distortion and sway of an im- 
age can be reduced' by "decreasing the magnification 
difference between the distance portion and the near 
portion," and further "decreasing the magnification dif- 
ference between the vertical direction and the horizontal 
direction" is also regarded as having an effect of "capa- 
ble of reducing the distortion and sway of an image" in 
the present invention. This is intended to prevent a 
square item from looking flat, or a circular item from look- 
ing oval. The improvement in visual sense would be es- 
sentially seen as "bringing the ratio closer to 1" rather 
than "reducing the difference." What is important here 
is that the sense of a square item looking flat or a circular 



item looking oval is not due to a "far-near ratio" but due 
to a "vertical-horizontal ratio." In other words, the 
present invention can provide an improved effect of "ca- 
pable of reducing the distortion and sway of an Image" 

5 not only by "decreasing the magnification difference be- 
tween the distance portion and the near portion" but also 
by "decreasing the magnification difference between the 
vertical direction and the horizontal direction to bring the 
magnification ratio closer to 1 ." These tendencies are 

10 prominent mainly in a portion lower than the near portion 
(at an eyeball rotating angle of around -25 degrees and 
lower). 

Example 2 

15 

[0085] Table 2-1 in Fig. 8 is a list regarding the surface 
refractive powers of Example 2 according to the present 
invention. The diopters of Example 2 correspond to S 
being +6.00 and ADD being 3.00, with three kinds of 

20 prior art examples having the same diopters being listed 
together for comparison. It should be noted that Prior art 
example A, Prior art example B, and Prior art example 
C correspond to a "convex surface progressive-power 
lens" in which the object side surface is a progressive 

25 surface, a "bi-surface progressive-power lens" in which 
both the object side surface and eyeball side surface 
are progressive surfaces, and a "concave surface pro- 
gressive-power lens In which the eyeball side surface is 
a progressive surface, respectively. Meanings of terms 

30 such as DVfl to DHn2 used in Table 2-1 are the same 
as those in the above-described Table 1-1. Graphs 2-1 
and 2-2 are graphs showing the surface refractive power 
distributions along the main gazing lines of Example 2 
according to the present Invention, with the horizontal 

35 axis indicating the lens upper side on the right hand side 
and the lens lower side on the left hand side, and the 
vertical axis indicating the surface refractive power. 
Here, Graph 2-1 corresponds to the object side surface, 
and Graph 2-2 corresponds to the eyeball side surface. 

40 Besides, the graph shown by a solid line represents the 
surface refractive power distribution In the vertical direc- 
tion along the main gazing line, and the graph shown by 
a dotted line represents the surface refractive power dis- 
tribution in the horizontal direction along the main gazing 

45 line. It should be noted that these are graphs for explain- 
ing the basic difference in surface configuration, omit- 
ting a case of aspherical processing for eliminating 
astigmatism in a peripheral portion and a case of addi- 
tion of a cylindrical component for coping with a cylin- 

50 drical diopter. 

[0086] Further, Graphs A-1 and A-2, Graphs B-1 and 
B-2, and Graphs C-1 and C-2 which are used in the 
above-described Example 1 are used again as graphs 
showing the surface refractive power distributions along 

55 the main gazing lines of the three kinds of prior art ex- 
amples having the same diopters, which are listed in Ta- 
ble 2-1 for comparison. Therefore, meaning of terms in 
these graphs are the same as those in the above-de- 
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scribed Example 1 . The surface refractive powers at F1 , 
N1 . F2, and N2 should correspond to those in Table 2-1 , 
and any of the average surface refractive powers on the 
object side surfaces shown by one-dotted chain lines in 
the horizontal direction at the middle should have a deep 
curve of 1 0.50 diopter on the ground of correspondence 
to Table 2-1 . 

[0087] The next eight kinds of graphs starting with 
Graph 2-3- shown in Fig. 23 to Fig. 30 are graphs show- 
ing results, obtained by performing the above-described 
accurate magnification calculations, of magnification 
distributions when the lens of Example 2 according to 
the present invention is viewed along the main gazing 
line. Meanings of terms and symbols appended to 
"Graph 2-3-" are the same as those In the above-de- 
scribed Example 1 other than that thick lines In the draw- 
ings are for Example 2. Although any of the refractive 
indexes, objective powers, and eyeball rotating angles 
used in Example 2 and the above-described three kinds 
of prior art examples was the same as that in the above- 
described Example 1 . only the center thickness t was 
set at 6.0 mm close to an actual product because Ex- 
ample 2 and the above-described three kinds of prior art 
examples have diopters of S being +6.00 and ADD be- 
ing 3.00. 

[0088] Table 2-2 in Fig. 8 is a list of results obtained 
by performing accurate magnification calculations for a 
specific sight line direction of Example 2 according to 
the present invention and three kinds of prior art exam- 
ples prepared for comparison, and corresponds to the 
above-described Graph 2-3-SMv (total magnification in 
the vertical direction) and Graph 2-3-SMh (total magni- 
fication in the horizontal direction). Here, meanings rep- 
resented by symbols in Table 2-2 are the same as those 
In the above-described Table 1-2. 
[0089] SMvfn and SMhfn in Table 2-2. that is. the mag- 
nification difference in the vertical direction (SMvn - SM- 
vf) and the magnification difference in the horizontal di- 
rection (SMhn - SMhf), show that the values of magni- 
fication differences of Example 2 according to the 
present invention are suppressed to as low as 0.2151 
and 0.1199. whereas those of the prior art examples are 
0.2275 and 0.1325 In A, 0.2277 and 0.1268 in B, and 

0. 2280 and 0.1210 in C. In other words, the magnifica- 
tion difference between the distance portion and the 
near portion of Example 2 according to the present in- 
vention are made further smaller than those of Prior art 

1 , which shows that Example 2 is improved more greatly 
than Prior art 1 also in distortion and sway of an image. 
As is immediately apparent, as in Example 1 . from com- 
parison between Graph 2-3-SMv (total magnification in 
the vertical direction) and Graph 2-3-SMh (total magni- 
fication in the horizontal direction) resulting from accu- 
rate magnification calculations, corresponding to Exam- 
ple 2 according to the present Invention, magnification 
distributions of an Image In the vertical direction and the 
horizontal direction are apparentiy different. 

[0090] Further. It Is easily read that this difference Is 



prominent mainly in a portion lower than the middle por- 
tion (at an eyeball rotating angle of around -10 degrees 
and lower). As In Example 1 , Graph 2-3-SMv is obtained 
also in Example 2 by multiplying three elements, that is, 

5 values of Graph 2-3-Msv, Graph 2-3-Mpv, and Graph 
2-3-M y V, and similariy Graph 2-3-SMh is obtained by 
multiplying three elements, that is, values of Graph 
2-3-Msh, Graph 2-3-Mph, and Graph 2-3-M y h. Here, 
in comparison between the elements in the vertical di- 

10 rection and the horizontal direction, there is no apparent 
difference found between Msv and Msv, which are 
shape factors, whereas there Is a difference found be- 
tween Mpv and Mph In a portion lower than the near 
portion (at an eyeball rotating angle of around -20 de- 

15 grees and lower). Further, there is an obvious difference 
between M y v and M y h in a portion lower than the 
middle portion (at an eyeball rotating angle of around - 
10 degrees and lower). There is also a difference found 
In an upper portion of the distance portion (at an eyeball 

20 rotating angle of around +20 degrees and upper), which 
is negligible because a difference existing between the 
examples in a quite upper portion of the distance portion 
(at an eyeball rotating angle of around +30 degrees and 
upper) with less frequent use. 

25 [0091] In short, It is shown, as in the above-described 
Example 1 , that the major cause of the difference be- 
tween Graph 2-3-SMv In Fig. 29 and Graph 2-3-SMh in 
Fig. 30 Is the difference between M y v and M y h, the 
secondary cause thereof is the difference between Mpv 

30 and Mph, and there is no obvious difference found be- 
tween Msv and Msh. which are almost irrelevant thereto. 
Further, there Is no difference found among the exam- 
ples In the magnification difference between the dis- 
tance and near portions, as long as in the scale used in 

35 Example 2 of the present Invention, In the shape factors 
Msv and Msh, which are regarded as reasons of im- 
provement in Prior art 1 . Note that, as In Example 1 . the 
present invention can provide, also in Example 2, an Im- 
proved effect of "capable of reducing the distortion and 

40 sway" not only by "decreasing the magnification differ- 
ence between the distance portion and the near portion" 
but also by "decreasing the magnification difference be- 
tween the vertical direction and the horizontal direction 
to bring the magnification ratio closer to 1 ." These ten- 

45 dencies are prominent mainly in a portion lower than the 
near portion (at an eyeball rotating angle of around -25 
degrees and lower). 

Example 3 

50 

[0092] Table 3-1 in Fig. 9 is a list regarding the surface 
refractive powers of Example 3 according to the present 
invention. The diopters of Example 3 correspond to S 
being -6.00 and ADD being 3.00, with three kinds of prior 
55 art examples having the same diopters being listed to- 
gether for comparison. It should be noted that Prior art 
example A. Prior art example B, and Prior art example 
C correspond to a "convex surface progressive-power 
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lens" in which the object side surface is a progressive 
surface, a "bi-surface progressive power lens" in which 
both the object side surface and eyeball side surface 
are progressive surfaces, and a "concave surface pro- 
gressive-power lens in which the eyeball side surface is ^ 
a progressive surface, respectively. Meanings of terms 
such as DVfl to DHn2 used in Table 3-1 are the same 
as those in the above-described Table 1-1 and Table 
2-1. 

[0093] Graphs 3-1 and 3-2 in Fig. 11 are graphs show- io 
ing the surface refractive power distributions along the 
main gazing lines of Example 3 according to the present 
invention, with the horizontal axis indicating the lens up- 
per side on the right hand side and the lens lower side 
on the left hand side, and the vertical axis indicating the is 
surface refractive power. Here, Graph 3-1 corresponds 
to the object side surface, and Graph 3-2 corresponds 
to the eyeball side surface. Besides, the graph shown 
by a solid line represents the surface refractive power 
distribution in the vertical direction along the main gaz- 20 
Ing line, and the graph shown by a dotted line represents 
the surface refractive power distribution in the horizontal 
direction along the main gazing line. It should be noted 
that these are graphs for explaining the basic difference 
in surface configuration, omitting a case of aspherical 25 
processing for eliminating astigmatism in a peripheral 
portion and a case of addition of a cylindrical component 
for coping with a cylindrical diopter 
[0094] Further, Graphs A-1 and A-2, Graphs B-1 and 
B-2, and Graphs C-1 and C-2 which are used in the 30 
above-described Examples 1 and 2 are used again as 
graphs showing the surface refractive power distribu- 
tions along the main gazing lines of the three kinds of 
prior art examples having the same diopters, which are 
listed in Table 3-1 in Fig. 9 for comparison. Therefore. 35 
meaning of terms in these graphs are the same as those 
in the above-described Examples 1 and 2. The surface 
refractive powers at F1, N1, F2, and N2 should corre- 
spond to those in the aforementioned Table 3-1 , and any 
of the average surface refractive powers on the object 40 
side surface shown by one-dotted chain lines in the hor- 
izontal direction at the middle should have a shallow 
curve with 2.50 diopter for the ground of correspond- 
ence to Table 3-1 . 

[0095] The next eight kinds of graphs starting with 45 
Graph 3-3- shown in Fig. 31 to Fig. 38 are graphs show- 
ing results, obtained by performing the above-described 
accurate magnification calculations, of magnification 
distributions when the lens of Example 3 according to 
the present invention is viewed along the main gazing so 
line. Meanings of terms and symbols appended to 
"Graph 3-3-" are the same as those in the above-de- 
scribed Examples 1 and 2 other than that thick lines in 
the drawings are for Example 3. Although any of the re- 
fractive indexes, objective powers, and eyeball rotating 55 
angles used in Example 3 and the above-described 
three kinds of prior art examples was the same as that 
in the above-described Examples 1 and 2, only the cent- 



er thickness t was set to 1 .0 mm close to an actual prod- 
uct because Example 3 and the above-described three 
kinds of prior art examples had diopters of S being -6.00 
and ADD being 3.00. 

[0096] Table 3-2 in Fig. 9 is a list of results obtained 
by performing accurate magnification calculations for a 
specific sight line direction of Example 3 according to 
the present invention and three kinds of prior art exam- 
ples prepared for comparison, and corresponds to the 
above-described Graph 3-3-SMv (total magnification in 
the vertical direction) and Graph 3-3-SMh (total magni- 
fication in the horizontal direction). Here, meanings rep- 
resented by symbols in Table 3-2 are the same as those 
the meanings In the above-described Table 1-2 and Ta- 
ble 2-2. 

[0097] SMvfn and SMhfn in Table 3-2, that is, the mag- 
nification difference in the vertical direction (SMvn - SM- 
vf) and the magnification difference In the horizontal di- 
rection (SMhn - SMhf), show that the values of magni- 
fication differences of Example 2 according to the 
present invention are at 0.0512 and 0.0726. whereas 
those of the prior art examples are 0.0475 and 0.0774 
in A, 0.0418 and 0.0750 In B, and 0.0363 and 0.0727 in 
C, showing that in Example 3 the magnification differ- 
ence in the vertical direction Increases, whereas the 
magnification difference in the horizontal direction de- 
creases. However, considering the magnification differ- 
ence in the vertical direction having a low value, which 
is 1 /3 to 1 /5 that of the above-described Examples 1 and 
Example 2, with a slight decrease in the magnification 
difference in the horizontal direction, it can be said that 
there is not so great magnification difference between 
the distance portion and the near portion of Example 3 
according to the present invention as compared to those 
of Prior art 1 . Meanwhile, a study of Graph 3-3-SMv (to- 
tal magnification In the vertical direction) and Graph 
3-3-SMh (total magnification in the horizontal direction) 
obtained by performing accurate magnification calcula- 
tions corresponding to Example 3 according to the 
present invention, shows that Example 3 according to 
the present Invention, as compared to the prior art ex- 
amples, has the least "tendency of the magnification in 
the vertical direction to be smaller than 1" especially in 
a portion lower than the near portion (at an eyeball ro- 
tating angle of around -20 degrees and lower), which 
results in the least "magnification difference between 
the vertical direction and the horizontal direction" so that 
distortion and sway of an image are improved further 
than in the prior art examples. 

[0098] It should be noted that in Graph 3-3-SMv (total 
magnification In the vertical direction) in Fig. 37. there 
occurs a significant difference in magnification distribu- 
tion of an image between the vertical direction and the 
horizontal direction mainly in a portion lower than the 
middle portion (at an eyeball rotating angle of around 
-10 degrees and lower) and in an upper portion of the 
distance portion (at an eyeball rotating angle of around 
+10 degrees and upper), whereas there occurs a differ- 
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ence among the examples in a portion lower than the 
near portion (at an eyeball rotating angle of around -20 
degrees and lower) and in a slightly upper portion of the 
distance portion (at an eyeball rotating angle of around 
+25 degrees and upper). Of them, the difference in the 
slightly upper portion of the distance portion is negligible 
because it is infrequently used, while that in the portion 
lower than the near portion is nonnegligible because it 
is frequently used. As a result, in Example 3 according 
to the present invention, as compared to the prior art 
examples, the magnification in the vertical direction Is 
closest to 1 especially in the portion lower than the near 
portion (at an eyeball rotating angle of around -20 de- 
grees and lower), which results In the least "magnifica- 
tion difference between the vertical direction and the 
horizontal direction" so that distortion and sway of an 
image are improved further than in the prior art exam- 
ples. Note that these tendencies are prominent mainly 
in the portion lower than the near portion (at an eyeball 
rotating angle of around -25 degrees and lower). Fur- 
ther, there is no difference, as in Example 1 and Exam- 
ple 2 of the present Invention, found among the exam- 
ples in the magnification difference between the dis- 
tance and near portions even in the scale used in Ex- 
ample 3, in the shape factors Msv and Msh which are 
regarded as reasons of improvement in Prior art 1. 

Examples 4 to 7 

[0099] As examples of the present invention, there 
are various possible combinations of distributions of sur- 
face refractive powers within the scope described In 
claims other than the above-described Examples 1 to 3. 
Examples 4 to 6 are shown here as applications having 
the same diopters as Example 1 , and Example 7 as an 
application having the same diopters as Example 2. 
Lists and graphs of the surface refractive powers and 
results obtained by performing accurate magnification 
calculations for a specific sight line direction of these 
examples are shown in Table 1-1 and Table 1-2 In Fig. 
7 and Graphs 4-1 and 4-2 to Graphs 7-1 and 7-2 in Fig 
12 to Fig. 14. 

Modifications 

[01 00] Further, in the present invention, it is also pos- 
sible to meet the demand for custom-made product (in- 
dividual design) by incorporating, into the lens design 
as input information, not only usual prescription values 
but also, for example, the distance from the corneal ver- 
tex to the lens rear vertex, the distance from the eyeball 
rotating center to the lens rear vertex, the degree of an- 
Iseiconla between right and left eyes, the difference in 
height between right and left eyes, tiie object distance 
in near vision most frequently used, the forward tilt angle 
(in an up-down direction) and horizontal tilt angle (in a 
right-left direction) of a frame, the bevel position in the 
edge thickness of the lens, and so on, as individual fac- 



tors of spectacle wearers which have been rarely 
grasped by lens manufactures. Although the present in- 
vention has a bi-aspherical surface configuration, it is 
not always necessary to process both surfaces after ac- 

5 ceptance of an order to obtain the effect of the present 
invention. It is also advantageous in terms of cost and 
processing speed, for example, to prepare in advance 
"semifinished products" of the object side surface meet- 
ing the object of the present invention, select, after ac- 

10 ceptance of an order, from among them a "semifinished 
product" of the object side surface meeting the purpose 
such as a prescription diopter or the above-described 
custom-made product (individual design), and process 
and finish only the eyeball side surface after acceptance 

15 of the order. 

[0101] As a specific example of this method, for ex- 
ample, previous preparation of a bilaterally symmetrical 
"semifinished product" of the object side surface is con- 
ceivable. Then, an inner shift of the near portion in re- 

20 sponse to the convergence action of an eye in near vi- 
sion can be incorporated by making the eyeball side sur- 
face into a bilaterally asymmetrical curved surface 
meeting the purpose in accordance with individual infor- 
mation such as the inter-vertex distance or the object 

25 distance in the near vision. As a matter of course, there 
are various conceivable means for obtaining or defining 
the individual information not only by actual measure- 
ment but also by estimation or by setting to average or 
standard values, but the present invention will not be 

30 limited to those means. Besides, it is possible to add a 
"correction action" for eliminating or reducing occur- 
rence of astigmatism and change in diopter primarily 
caused by impossibility of the sight line intersecting at 
right angles with the lens surface, to the object side sur- 

35 face or the eyeball side surface or both curved surfaces 
of the object side surface and the eyeball side surface, 
in perfomiance of optical calculations for Incorporating 
not only usual prescription values but also the above- 
described individual factors into the lens design. 

40 [01 02] Further, it is generally known that three-dimen- 
sional rotating motions of eyes when we look around are 
based on a rule called "Listing's law." When a prescrip- 
tion diopter includes a cylindrical diopter, cylindrical ax- 
es of a spectacle lens and the eye may not match to 

45 each other in peripheral vision even if the cylindrical axis 
of the lens Is matched to the "cylindrical axis of the eye 
in front vision." It Is also possible to add a "correction 
action" for eliminating or reducing occurrence of astig- 
matism and change in diopter caused by such a mis- 

50 match between the cylindrical axes of the lens and the 
eye in peripheral vision, to a curved surface being the 
surface on the side having a cylindrical correction action 
of a lens according to the present invention. 
[0103] It should be noted that, as the definition of the 

55 "predetermined addition diopter" in the present inven- 
tion, any of the following definitions in various cases can 
be employed, including a case In which the diopter is 
defined as the difference between refractive powers 
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measured by placing an opening of a lens meter at the 
far vision diopter measurement position F1 and at the 
near vision diopter measurement position N1 on the ob- 
ject side surface as shown in Fig. 6; and in addition, a 
case in which the diopter is defined as the difference 
between refractive powers measured by placing an 
opening of a lens meter at the far vision diopter meas- 
urement position F2 and at the near vision diopter meas- 
urement position N2 on the eyeball side surface; further 
a case in which the diopter is defined as the difference 
between a refractive power measured by placing an 
opening of a lens meter at the far vision diopter meas- 
urement position F2 on the eyeball side surface and a 
refractive power measured at N3 by rotating the opening 
of the lens meter about the eyeball rotating center posi- 
tion and directing it toward the near vision diopter meas- 
urement position N2; and a case using only refractive 
power component in the horizontal direction for each re- 
fractive power. 

Industrial Availability 

[0104] As has been described, according to the 
present invention, a bi-aspherical type progressive- 
power lens can be obtained which can provide an ex- 
celtent visual acuity correction for prescription values 
and a wide effective visual field with less distortion in 
wearing, by reducing a magnification difference of an 
image between a distance portion and a near portion 
through correct calculation of the magnification of the 
image, with an influence by an "angle between a sight 
line and a lens surface" and an "object distance" taken 
into consideration, and which makes it possible to use 
a "bilaterally symmetrical semifinished product" as an 
object side surface and process after acceptance of an 
order only an eyeball side surface into a bilaterally 
asymmetrical curved surface coping with a conver- 
gence action of an eye in near vision, and to reduce 
processing time and cost. 



Claims 

1. A bi-aspherical type progressive-power lens with a 
progressive refractive power action dividedly allot- 
ted to a first refractive surface being an object side 
surface and a second refractive surface being an 
eyeball side surface, wherein 

when on said first refractive surface, a surface 
refractive power in a horizontal direction and a sur- 
face refractive power in a vertical direction, at a far 
vision diopter measurement position F1, are DHf 
and DVf respectively, and 

on said first refractive surface, a surface re- 
fractive power in a horizontal direction and a surface 
refractive power in a vertical direction, at a near vi- 
sion diopter measurement position N 1 , are DHn and 
DVn respectively, relational equations. 



DHf + DHn < Dvf + DVn. and DHn < DVn 

are satisfied, and surface astigmatism components 
5 at F1 and N1 of said first refractive surface are can- 
celled by said second refractive surface so that said 
first and second refractive surfaces together pro- 
vide a far vision diopter (Df) and an addition diopter 
(ADD) based on prescription values. 

10 

2. The bi-aspherical type progressive-power lens ac- 
cording to claim 1. wherein relational equations 
DVn - DVf > ADD/2, and DHn - DHf < ADD/2 are 
satisfied. 

15 

3. The bi-aspherical type progressive-power lens ac- 
cording to claim 1 or claim 2, wherein said first re- 
fractive surface is bilaterally symmetrical with re- 
spect to one meridian passing through the far vision 

20 diopter measurement position F1, said second re- 
fractive surface is bilaterally symmetrical with re- 
spect to one meridian passing through a far vision 
diopter measurement position F2 of said second re- 
fractive surface, and a position of a near vision di- 

25 opter measurement position N2 on said second re- 
fractive surface is shifted inward to a nose by a pre- 
determined distance to respond to a convergence 
action of an eye in near vision. 

30 4. The bi-aspherical type progressive-power lens ac- 
cording to any one of claim 1 to daim 3, wherein 
said first refractive surface is a rotation surface with 
as a generatrix one meridian passing through the 
far vision diopter measurement position F1, said 

35 second refractive surface is bilaterally symmetrical 
with respect to one meridian passing through a far 
vision diopter measurement position F2 on said 
second refractive surface, and a position of a near 
vision diopter measurement position N2 on said 

40 second refractive surface is shifted inward to a nose 
by a predetermined distance to respond to a con- 
vergence action of an eye in near vision. 

5. The bi-aspherical type progressive-power lens ac- 
45 cording to any one of claim 1 to claim 4. wherein in 
a configuration of said first and second refractive 
surfaces together providing the far vision diopter 
(Df) and the addition diopter (ADD) based on the 
prescription values, occurrence of astigmatism and 
50 change in diopter caused by impossibility of a sight 
line intersecting at right angles with a lens surface 
in a wearing state are reduced. 
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Fig. 3-1 




Fig. 3-2 
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Fig. 4-2 




Fig. 4-3 




26 




27 



EP1 510 852A1 
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Fig. 7 
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Fig. 36 



I 

n 



i 



to 



o 



o 

CO 



o 

UJ 

—J 



o 

T 



1 



I 



O LU 



o 

CO 

I 



O 
I 



o 



CM 



CO 
O 



CO 
CD 



CD 



58 



EP 1 510 852 A1 




59 



EP1 510 852 A1 



Fig. 38 




o 

CO 



O 
I 



o 



CM 



CO 
O 



o 



''it 
o 



60 



EP 1 510 852 A1 



INTERNATIONAL SEARCH REPORT 


International ^plication No. 




PCT/JP03/06448 


A CLASSmCATION OF SUBJECT MATTER 




Int.Cl' G02C7/06 





According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI' G02C7/06 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kdho 1926-1996 ToroJcu Jitsuyo Shinan Kbho 1994-2003 

Rokai Jitsuyo Shinan Kbho 1971-2003 Jitsuyo Shinan Toroku Kbho 1996-2003 

Electronic data base consulted during the international search (name of data base and, where practicable, search terras used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indicatioiit where appropriate, of the relevant passages 


Relevant to claim No. 


A 


EP 809127 Al (SEIKO EPSON CORP.), 


1-5 . 




26 Noveinber, 1997 (26.11.97), 






Full text; all drawings 






& WO 97/19383 Al £ US 5926250 Al 




A 


EP 996023 A2 (JOHNSON & JOHNSON VISION PRODUCTS, 


1-5 




INC.) , 






26 April, 2000 (26.04-00), 






Full text; all drawings 






& JP 2000-155294 A & TW 470854 B 






& CN 1254850 A & BR 9905589 A 






& US 6149271 A & AU 5602899 A 






& SG 83750 A 





I — I Further documents are listed in the continuation of Box C. Q[] See patent family annex. 



-Or 



Special categgries of cited documents: 

document deHoing the general stale of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the international filing 
date 

document which may throw doubts on priority claim(5) or whidi is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use. exhibition or other 



"P* document published prior to the intematioiud filing date bul later 



*T* later document published after the intemalional fUlng date or 
priori^ date and ool in oonfltct with the appUcatiim but cited to 
underhand the prindple or Iheoiy underlying the invention 

*X" document of particular rdcvance; the claimed invention cannot be 
considered novel or cannot be considered to tnvcdve an inventive 
step when the document is taken alom 

"Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination beii^ obvious lo a person skilled in the art 

"ft" document member of tfie same patent family 



Date of the actual completion of the international search 
20 August, 2003 (20.08.03) - 


Date of mailing of the international search report 

09 September, 2003 (09.09.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Foftn PCT/ISA/210 (second sheet) (July 1998) 



61 



